The effect of tillage operations on bulk density and other physical properties of the soil by Luttrell, Dan Houston
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1963
The effect of tillage operations on bulk density and
other physical properties of the soil
Dan Houston Luttrell
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Bioresource and Agricultural Engineering Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Luttrell, Dan Houston, "The effect of tillage operations on bulk density and other physical properties of the soil " (1963). Retrospective
Theses and Dissertations. 2546.
https://lib.dr.iastate.edu/rtd/2546
This dissertation has been 64-3882 
microfilmed exactly as received 
LUTTRELL, Dan Houston, 1926— 
THE EFFECT OF TILLAGE OPERATIONS ON 
BUEK DENSITY AND OTHER PHYSICAL PRO­
PERTIES OF THE SOIL. 
Iowa State University of Science and Technology 
Ph.D„ 1963 
Engineering', agricultural 
University Microfilms, Inc., Ann Arbor, Michigan 
THE EFFECT OF TILLAGE OPERATIONS ON 
BULK DENSITY AND OTHER PHYSICAL PROPERTIES OF THE SOIL 
by 
Dan Houston Luttrell 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Agricultural Engineering 
Approved : 
In Charge of Major 
Head of Major Department
Deary c f Graduate College 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1963 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
PLEASE NOTE: ' 
Figure pages are not original copy. 
They tend to "curl". Filmed in the 
best possible way. 
University Microfilms, Inc. 
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
OBJECTIVES 3 
REVIEW OF LITERATURE 4 
Bulk Density 7 
Clod Size Distribution 9 
Surface Roughness 15 
Soil Moisture 17 
Soil Temperature _ 18 
DESCRIPTION OF EQUIPMENT 20 
Tillage Equipment 20 
Plow 20 
Disk harrow 21 
Spike tooth harrow 21 
Sampling Equipment 22 
Core sampler 22 
Soil surface profile meter 22 
Clod distribution sampling equipment 26 
Thermometers 29 
Veihemeir soil sampling tube 30 
Processing Equipment 30 
Rotary sieve 30 
Profile reader 3^ 
PROCEDURE 37 
Experimental Design 37 
iii 
Page 
Data Collection and Tillage Operations 40 
Core sampling 40 
Initial profiles 41 
Tillage operations 42 
Final profiling 42 
Soil clod samples 43 
Sieving 43 
Temperature 43 
Moisture content 44 
Data Processing 44 
Bulk density 44 
Clod size distribution 51 
Surface roughness 52 
Soil moisture and temperature 57 
RESULTS AND DISCUSSION 58 
Bulk Density 58 
Clod Size Distribution 6? 
Surface Roughness 76 
Soil Moisture 85 
Soil Temperature 96 
General Discussion 104 
LIMITATIONS OF THIS STUDY AND SUGGESTIONS FOR 
FUTURE RESEARCH 108 
SUMMARY AND CONCLUSIONS 110 
ACKNOWLEDGMENTS 113 
LITERATURE CITED 114 
iv 
Page 
APPENDICES 119 
Appendix A: Bulk Density Computer Program 120 
Appendix B: Surface Roughness Coefficient 
Computer Program - 127 
Appendix C: Data for Bulk Density Determina­
tions 138 
Appendix D; Summary of Statistical Analysis 147 
Appendix E: Data for Clod Size Determination 155 
Appendix P: Data for Surface Roughness 
Coefficient Changes 166 
Appendix G: Data for Soil Moisture Content 174 
Appendix H: Data for Soil Temperature 179 
V 
LIST OF FIGURES 
Page 
1. Electrically powered core sampler designed to 
remove 3-inch diameter undisturbed core samples 23b 
2. Surface profile meter and the strip chart 
recorder 25 
3. A close view of the profile meter on a tillage 
plot 25 
4. The strip chart recorder used with the profile 
meter 2?b 
5. Soil sampling cylinder and U-shaped tray used 
for collecting clod samples 28b 
6. Side view of the rotary sieve 32 
7. View of the feeding hopper and driving mechanism 
on the rotary sieve 32 
8. Schematic drawing of the rotary sieve showing 
pertinent dimensions 33 
9. Profile reader shown with the sliding scale in 
operating position over a recorded surface 
profile . 35b 
10. Sample plot layout and dimensions used for each 
experiment 38 
11. Aerial view of the areas used for Experiments B, 
G, D and E, left to right respectively 39b 
12. Close up of one of the recorded profiles showing 
the position of the reference and guide lines 46b 
13. Bulk density changes as affected by tillage 
operations 60 
14. Mean bulk density changes as affected by tillage 
operations for Experiments B, C and D combined 65 
15. Mean weight diameter as affected by tillage 
operations 69 
1 A TVio mop m «ai <yVrh H i flmo-t-oy S I R  af f o <"••+-. or! hv i "1 ~1 fl.CA 
operations for Experiments B, C and D combined 75 
vi 
Page 
17- Roughness coefficient changes as affected by-
tillage operations 79 
18. Roughness coefficient changes as affected by-
tillage operations for Experiments B, C and 
D combined 84 
19. Soil moisture change following tillage in 
Experiment B as affected by the tillage 
operations 91 
20. Soil moisture change following tillage in 
Experiment C as affected by the tillage 
operations 92 
21. Soil moisture change following tillage in 
Experiment D as affected by the tillage 
operations 93 
22. Soil moisture change following tillage in 
Experiment E as affected by the tillage 
operations 94 
40 
50 
59 
61 
68 
70 
77 
80 
86 
87 
88 
89 
90 
97 
vii 
LIST OF TABLES 
Soil and tillage conditions for each experiment 
Orientation of profile data on IBM cards 
Mean bulk density changes as affected by tillage 
operations 
Mean bulk density changes as affected by tillage 
operations 
Mean of mean weight diameter as affected by til­
lage operations 
Mean weight diameter as affected by tillage 
operations 
Mean roughness coefficient changes as affected by 
tillage operations 
Surface roughness changes as affected by tillage 
operations 
Mean soil moisture content of the 6-inch surface 
layer as affected by tillage operations on 
Experiment B 
Mean soil moisture content of the 6-inch surface 
layer as affected by tillage operations on 
Experiment C 
Mean soil moisture content of the 6-inch surface 
layer as affected by tillage operations on 
Experiment D 
Mean soil moisture content of the 6-inch surface 
layer as affected by tillage operations on 
Experiment E 
Precipitation during the soil moisture sampling 
period following tillage on Experiments B, C, 
D and E 
Mean maximum daily soil temperature as affected 
by tillage operations in Experiment A 
VX11 
Page 
15. Mean maximum daily soil temperature as affected 
by tillage operations in Experiment B 98 
16. Mean maximum daily soil temperature as affected 
by tillage operations in Experiment C 99 
17. Mean maximum daily soil temperature as affected 
by tillage operations in Experiment D 100 
18. Mean maximum daily soil temperature as affected 
by tillage operations in Experiment E 101 
19. Mean maximum daily soil temperature at 3 and 6 
inches below the ground surface as affected by 
tillage treatments in Experiment F 102 
20. Mean maximum daily soil temperature at 3 and 6 
inches below the ground surface as affected by 
tillage treatments in Experiment S 103 
21. Mean bulk density changes as affected by tillage 
operations 139 
22. Bulk density as affected by tillage operations 
on Experiment A 140 
23. Bulk density as affected by tillage operations 
on Experiment B 141 
24. Bulk density as affected by tillage operations 
on Experiment C 142 
25. Bulk density as affected by tillage operations 
on Experiment D 143 
26. Bulk density as affected by tillage operations 
on Experiment E 144 
27. Bulk density as affected by tillage operations 
on Experiment F 145 
28. Bulk density as affected by tillage operations 
on Experiment S 146 
29. Analysis of variance for bulk density changes 
as affected by tillage operations 148 
30. Sequential range test for bulk density changes 
S.R fonfoii "hv 11 fif#» itrtFtwhi orts 1 U-Q 
' C 
ix 
Page 
31. Analysis of variance for mean weight diameter 
as affected by tillage operations 150 
32. Sequential range test for mean weight diameter 
as affected by tillage operations 151 
33* Analysis of variance for roughness coefficient 
changes as affected by tillage operations 152 
34. Sequential range test for roughness coefficient 
change as affected by tillage operations 153 
35- Mean weight diameter as affected by tillage 
operations 156 
36. Mean clod size distribution as affected by 
tillage operations 157 
37. Mean clod size distribution as affected by 
tillage operations 158 
38. Clod size distribution as affected by tillage 
operations in Experiment A 159 
39. Clod size distribution as affected by tillage 
operations in Experiment B 160 
40. Clod size distribution as affected by tillage 
operations in Experiment C 161 
41. Clod size distribution as affected by tillage 
operations in Experiment D 162 
42. Clod size distribution as affected by tillage 
operations in Experiment E 163 
43. Clod size distribution as affected by tillage 
operations in Experiment F 164 
44. Clod size distribution as affected by tillage 
operations in Experiment S 165 
45. Mean roughness coefficient changes as affected 
by tillage operations 167 
46. Roughness coefficient as affected by tillage 
operations in Experiment B 168 
47. Roughness coefficient as affected by tillage 
operations in Experiment C 169 
X 
Page 
48. Roughness coefficient as affected by tillage 
operations in Experiment D 170 
49. Roughness coefficient as affected by tillage 
operations in Experiment B 171 
50. Roughness coefficient as affected by tillage 
operations in Experiment P 172 
51. Roughness coefficient as affected by tillage 
operations in Experiment S 173 
52. Soil moisture content of the 6=inch surface 
layer as affected by tillage operations on 
Experiment B 175 
53. Soil moisture content of the 6-inch surface 
layer as affected by tillage operations on 
Experiment C 176 
54. Soil moisture content of the 6-inch surface 
layer as affected by tillage operations on 
Experiment D 177 
55» Soil moisture content of the 6-inch surface 
layer as affected by tillage operations on 
Experiment E 178 
56. Maximum daily soil temperature 3 inches below 
the ground surface as affected by tillage 
treatments in Experiment A 180 
57. Maximum daily soil temperature 6 inches below 
the ground surface as affected by tillage 
treatments in Experiment A 181 
58. Maximum daily soil temperature 3 inches below 
the ground surface as affected by tillage 
treatments in Experiment B 182 
59. Maximum daily soil temperature 6 inches below 
the ground surface as affected by tillage 
treatments in Experiment B 183 
60. Maximum daily soil temperature 3 inches below 
he ground surface as affected by tillage 
treatments in Experiment C 184 
61. Maximum daily soil temperature 6 inches below 
the ground surface as affected by tillage 
treatments in Experiment C 185 
xi 
Page 
62. Maximum daily soil temperature 3 inches below 
the ground surface as affected by tillage 
treatments in Experiment D 186 
63. Maximum daily soil temperature 6 inches below 
the ground surface as affected by tillage 
treatments in Experiment D 187 
64. Maximum daily soil temperature 3 inches below 
the ground surface as affected by tillage 
treatments in Experiment E 188 
65. Maximum daily soil temperature 6 inches below 
the ground surface as affected by tillage 
treatments in Experiment E 189 
66. Maximum daily soil temperature at 3 and 6 inches 
below the ground surface as affected by tillage 
treatments in Experiment F 190 
67. Maximum daily soil temperature at 3 and 6 inches 
below the ground surface as affected by tillage 
treatments in Experiment S 191 
1 
INTRODUCTION 
Tillage has been used by man in the production of crops 
since ancient times. But farmers today must still guess at 
the amount of tillage to employ for seedbed preparation and 
cultivation. The use of tillage tools has been and is still 
being governed largely by estimation based on past experiences. 
A goal of optimum production has gradually become a 
necessity in the minds of farmers. Thus, farmers have be­
come more concerned about the complex knowledge of soil in 
recent years. They are seeking knowledge of the soil condi­
tions required for optimum production and how to create 
these conditions. 
Agronomists are studying to determine the soil physical 
conditions necessary for optimum production (27). When this 
information is available, methods whereby the desired condi­
tion can be created will be needed. If tillage is needed to 
create the desired soil conditions for plants, a knowledge 
of the results which can be expected from individual tillage 
tools must be available. Existing tillage tools may need to 
be improved or new ones designed to minimize tillage opera­
tions. 
Approximately 30 percent of the total power consumption 
in agriculture in the United States is used for tillage (2). 
If tillage could be done on an optimum basis, perhaps much 
of the expense of crop production could be eliminated. 
2 
Progress in tillage research has been greatly hindered 
by the presence of so many variables in the soil and weather 
conditions which affect tillage results. Although many 
methods have been developed for measuring field physical 
conditions, there is a lack of confidence in many of these 
methods .dwelling in the minds of research workers. Thus, 
literature today does not contain a sufficient amount of 
information to characterize a soil in a manner which assures 
optimum production, or to predict physical results which 
can be expected from the use of tillage tools. 
Nichols and Heaves (30) have expressed a need for the 
agricultural engineer to develop and organize the expensive 
and uncertain art of tillage into an organized body of know­
ledge which can be classified as a science. If this need is 
ever to be fulfilled, known methods and new methods of evalu­
ating soil physical conditions should be directly applied to 
tillage studies in a manner to show what physical conditions 
are needed and how to create these conditions for optimum 
crop production. 
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OBJECTIVES 
The objectives of this study were: 
1. To evaluate the influence of certain tillage imple­
ments and operations on the bulk density, clod size distri­
bution and surface roughness under field conditions. 
2. To determine the moisture and temperature fluctua­
tions following different tillage operations. 
3. To determine if the methods applied in this study 
can be used effectively to evaluate the effect of tillage 
tools on physical features of the soil. 
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REVIEW OF LITERATURE 
An early English farmer, Jethro Tull, is noted for one 
of the best known early assumptions as to the reason for 
tillage (2). In the early part of the 18th Century he said 
that tillage improved the productiveness of soil "because it 
caused a "breakdown of the large soil -particles into smaller 
ones which increased the surface from which plant roots 
obtained their food. Tull1 s ideas were responsible for his 
introducing "horsehoeing husbandry" which consisted of 
planting crops in rows and "horsehoeing" in between. This 
technique is still in use in modern agricultural practices. 
Relatively slow progress has been made in the knowledge 
of tillage problems in the last.two centuries. Research 
workers have made concerted efforts to define goals which 
can be accomplished through tillage, but the approach to 
solving tillage problems today is still only in the pre­
liminary stages. 
John A. Slipher (36) stated that by manipulating the 
soil we seek to modify its structure. Structure is control­
led and determined by a definite and delicate mechanism, the 
granulation process. Tillage is merely a motivating force 
setting this mechanism into operation. Also, according to 
Slipher, the amount of vigor of tillage should be carefully 
adjusted to the exact resistance of the soil type. Too 
nmch force or agitation may overshoot the objective and aa 
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insufficient disturbance of the soil may fall short of yield­
ing a completely structuralized condition. Failure to use a 
type of plow correctly suited to the soil type and its condi­
tions results in a poor structure; thus supplementary opera­
tions are then required to complete the root bed. 
R. E. Yoder (48) described the ultimate goal of tillage 
as a high state of tilth and the attainment of this goal 
rests in the art of tillage. Yoder felt that all tillage 
is not beneficial and he further pointed out that tillage is 
costly whether it is beneficial or not. When Yoder's article 
appeared in 1937, he mentioned that there was no way of 
estimating the extent of needless power expended in tillage 
operations and that there was a need for the evaluation of 
the influence of tillage implements and practices in the 
soil. He further pointed out that no one can describe in 
definite terms the soil conditions one should attempt to 
produce in a given soil to obtain a desirable state of tilth. 
According to Baver (1), a knowledge of the physical 
properties of the soil is highly essential for a successful 
study of most of the soil problems which confront the 
agricultural engineer. He mentioned that the development 
of cultivation and tillage implements has progressed as 
our knowledge of the physical properties of soils has 
developed. 
M. B. Russell (33) wrote that a complete physical des­
cription of the structural condition of soil is essentially 
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impossible. He pointed out that procedures have been developed 
for evaluating certain measurable characteristics that serve 
as indicators of soil structure. In general, these proce­
dures involve a number of manipulations that are selected on 
a purely arbitrary basis; consequently, many measurement 
techniques have been developed. Under some circumstances 
one technique might be of greater usefulness than another. 
According to Bussell the most promising approach to evaluate 
soil structure, as it affects plant growth, lies in the 
description of air, water, temperature and compaction condi­
tions which greatly influence root activity and plant growth. 
If such measurements are to be significant, much additional 
quantitative information is needed on the relation of these 
factors to plant growth. 
In 1950, G. M. Browning (4) concluded that we till the 
soil to help improve air, water and nutrient relationships 
for plant growth and that the type of soil has a very important 
effect on the tillage requirements. He pointed out the need 
to combine the efforts of good soil and crop management 
practices to maintain stable soil structure and the im­
portance of supplementing this with tillage to further im­
prove the physical conditions of the soil for high crop 
production. 
Nichols and Heaves (30) stated in 1955 that optimum 
results with a particular tillage machine can be obtained 
only when the soil is in a specific physical condition. 
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Improved and simplified methods of evaluating soil condi­
tions can serve as guides to selection and design of tillage 
tools. They concluded that in order to obtain reliable, 
consistent and understandable results with different tillage 
implements and soils, it is necessary to precede and to sup­
plement all tillage studies and tests of implements with 
physical measurements and studies of the soil material. 
Considerable work has been done to obtain the influence 
of different tillage treatments on yields of crops (3, 15» 
16, 31, 42). Browning, Norton, Collins and Wilson (5) 
reported in 1945 on studies of the effect of tillage prac­
tices on soil and water conservation and crop yields. The 
physical aspects of the soil which were changed due to til­
lage were not examined in any of these studies. 
Some studies have been made on methods of measuring 
various physical properties of soil. They have resulted ID 
some degrees of success. Literature was reviewed for bulk 
density, clod size distribution, surface roughness, soil 
moisture and soil temperature. 
Bulk Density 
In making bulk density studies of soil which has been 
disturbed, difficulties arise in determining the volume of 
the sample as it appears in the field. Undisturbed core 
samples have been used successfully for the determination 
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of bulk density of undisturbed soil or soil which has settled 
to a firm condition (7). But, core samples have not proved 
successful for the determination of accurate bulk density 
measurements of freshly disturbed soil. 
Cole (14) reported in 1939 that he obtained the volume 
weight of freshly tilled soil from the same sample which he 
used for aggregate distribution analysis. He put a straight 
edge across the top of a 14-inch diameter cylinder which 
had been forced into the soil to tillage depth and made from 
75 to 100 measurements spaced systematically. The soil sur­
rounding the cylinder was removed and a steel plate forced 
underneath the cylinder so the sample could be removed. 
After obtaining the weight, sufficient information was 
available for computing the volume weight. 
Kuipers (26) used a relief meter for the determination 
of the soil surface profile to study the change in bulk 
density. The relief meter he used consisted of 20 measuring 
pins spaced 2 inches apart on a scale board. These pins 
were mounted to stay in place horizontally as they moved 
vertically. The scale board, with the measuring pins in a 
raised position, was placed over a tillage plot and leveled. 
The measuring pins were released to fall to the soil sur­
face, and the depth of fall of each pin was read from the 
scale board. 
Zucker, Weinblum and Stekelmacher (50) made use of a 
device called a "prof'ilograph" to study movement of soil on 
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slopes. This device was similar to the one Kuipers used. 
Sohne (38) used a furrow profile recorder to study the 
effect of plow design and speed of operation on the furrow 
and furrow slice. Burwell, Allmaras and Amemiya (9) have 
made use of the relief meter principle to determine volume 
changes in tilled layers. 
Schafer and Lovely (34) developed a mechanical soil 
surface profile meter to facilitate the collecting and 
recording of soil surface data automatically on a strip 
chart. A detailed description of this profile meter is 
presented in the section on equipment. 
Clod Size Distribution 
Two primary methods have been used for determination 
of a secondary aggregate analysis of soils. Flat nested 
sieves have been used by many researchers to determine clod 
size distribution (14, 25, 24, 42, 46). 
In recent years a rotary screen has been developed by 
Chepil, et al. (10, 11, 12). Chepil (10) pointed or c the 
advantages of the rotary screen as follows : 
1. It is more consistent than any other method of 
dry sieving so far devised. 
2. It eliminates personal bias caused by shaking 
sieves by hand. 
3. It gives fairly consistent results irrespective of 
the size of soil sample used. 
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4. On the whole, it causes less breakdown of clods. 
5. It virtually eliminates clogging of the fine sieves 
which is usually the case with the flat sieve methods. 
6. It is well suited for resieving the soil any number 
of times to determine its mechanical stability. 
A disadvantage of the sieve used by Chipel was that sieves 
of different size openings are not readily interchangeable. 
The number of sieves used influences the degree of break­
down; consequently, it was necessary to have a standard size 
and number of sieves in all comparable tests. 
C. B. Tanner and S. J. Bourget (4l) made a study of 
particle shape discrimination of round and square-holed 
sieves. They pointed out the advantages and disadvantages 
of each shape and concluded that square-hole wire cloth 
sieves were to be recommended over round-hole sieves to 
avoid needless particle shape discrimination and to speed 
sieving. 
Bernard A. Keen (25, 24) reported work on physical pro­
perties of the soil and experimental methods of soil cultiva­
tion. In his work, he cut.out rough cubes of soil with a 
flat spade to get his samples to run through a nest of wire 
sieves. Keen pointed out the importance of management in 
conducting an experiment of this type. 
B. C. Cole (14) used a 14-inch diameter cylinder which 
was driven into the soil to the depth of tillage, and then 
he inserted a steel plate under the cylinder to permit 
removal of the soil in an undisturbed condition. The 
sample was transferred to a graded nest of sieves which 
were shaken by hand. The weights of each clod size were 
determined. He was able to get good agreement between 
replications with the tests made. Cole used a set of coarse 
sieves with 1 5/8-inch to 4 7/8-inch openings and a Bo-Tap 
shaker which consisted of smaller screen sizes. He studied 
changes in the size distribution of aggregates after tillage 
operations and found plowing caused a decrease in clod size 
unless performed at excessive moisture contents. Harrowing 
usually broke some clods apart. Disk and spring tooth 
harrows seemed more effective than spike tooth harrows in 
reducing clod size. Boiling and leveling operations had a 
pulverizing effect on the very dry soils, but moderately 
moist soils usually produced an increase in clod size. 
Cole compared sieving of soil at field moisture con­
tent to sieving air-dried samples from the same plots. He 
found the size distribution of aggregates by sieving the 
samples at field moisture content was obviously different 
from that of the air dry samples. He observed that at field 
moisture content the larger aggregates seemed to be weak 
enough to be broken by the amount of agitation necessary 
for Complete separation with his sieving apparatus. On the 
other hand, there was less material fine enough to pass through 
the finest sieve. He felt that moisture films apparently 
12 
held the dust particles together, 
Swamy, Hay and Bateman (40) used a hand scoop to obtain 
the soil samples which they sieved with a rotary screen. 
Chèpil (12) reported sampling the soil for secondary aggre­
gate size analysis in 1943 by pressing a 6-inch square sleeve 
into the ground, then removing the soil from around it so he 
could slide a shovel under it for removal. In 1962, he 
used a flat square-cornered spade for sampling. The spade 
was pushed under a body of soil and the soil was lifted 
for placement in a suitable tray to air dry. He found in 
his studies that the aggregate results o'f soil dried at 
room temperature and soil dried at ?0°C were about the same. 
Leon Lyles and N. P. Woodruff (28) studied the effect 
of moisture and tillage on soil clod size. They found that 
the type of implement had a decided influence on the size 
and stability of clods formed. The resulting differences 
caused by tillage implements persisted longer than those 
due to moisture content. A moldboard plow produced more 
large clods, fewer fine particles, than the one-way disk 
or the subsurface sweep. Above certain moisture contents 
(12 to 2o percent for the soil used), a one-way disk, com­
pared to a V-type subsurface sweep, produced more clods 
greater than 0.84 mm, but fewer clods less than 0.42 mm. 
Below these moisture levels the positions of the two 
implements were reversed. The rate of soil clod breakdown 
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after tillage was more rapid for the plow than for the other 
tools. 
Carl S. Winkelblech (46) used a 6-inch-square sampling 
tube 11 inches long to obtain samples to measure soil aggre­
gate separation characteristics. This tube was forced into 
the ground and a metal plate forced under the sample for 
removal. He used flat nested sieves to separate the soil 
aggregates. A double-disk, spring tooth harrow, 10-inch 
sweep and rotary hoe exhibited highly significant aggregate 
sorting tendencies. Differences between one and two trips 
Nith the implements were highly significant. The second 
trip induced further aggregate separation, but to a lesser 
degree than the first. Differences among individual imple­
ments were not significant after one trip, but were signi­
ficant after two trips. Differences among implements were 
not significant below 1 inch after two trips. Small aggre­
gates tended to concentrate at the lowest operating depth 
and large aggregates near the surface. Intermediate-sized 
aggregates remained nearly constant at all depths for both 
one and two trips. 
At the National Tillage Laboratory in Auburn, Alabama, 
W. B. Gill (22) studied the relationship of the size of cut 
to tillage tool efficiency. Soil samples were obtained by 
placing a canvas in the bottom of a plow furrow and letting 
the furrow slice fall upon the canvas. He used a rotary 
screen similar to that developed by Chepil to separate the 
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aggregates. Clods which were too large were weighed and 
measured individually. The mean weight diameter was deter­
mined by the method reported by Van Bavel (43)• Gill found 
that the size of clods decreased with a decrease in width 
of cut. 
Lawrence E. Whittsell (44) studied porosity, aggregate 
analysis by dry sieving using a rotary screen, and by wet 
sieving using Yoder's method (47), and clod crushing 
strength for measuring soil physical conditions. The only 
method used by Whittsell for evaluating soil physical 
conditions which gave consistent results was the dry aggre­
gate distribution data, Whittsell1s dry aggregate distri­
bution results were reported as geometric mean diameters 
determined by Gardner's method (20). 
G. M. Browning, M. B. Bussell and J. B. McHenry (6) 
compared methods for determining and expressing soil aggre­
gation data. They compared results obtained by several more 
commonly used methods for determining and expressing aggre­
gation on a number of soils and concluded that although they 
found a general relationship between the methods, further 
analysis was necessary to conclude that one method was 
better than another. 
Schaller and Stockinger (35) compared five methods for 
expressing aggregation data. Their results indicated that a 
single fraction such as greater than 2 mm or greater than 1 mm 
can be used satisfactorily to express soil aggregation. This 
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method was as reliable as that indicated by mean weight 
diameter and geometric mean. They concluded that more 
replications were necessary when a single fraction was used 
and that final selection of an index for expressing soil 
aggregation must be based on the ability of the index to 
correlate with crop response. 
Surface Roughness 
Since numerous irregularities such as ridges and valleys 
are formed in a surface, a degree of roughness must be deter­
mined by the magnitude, form and spacing of these irregulari­
ties. It is evident that no single figure or dimensional 
value will represent precisely the roughness, Erik (18) 
pointed out that although the facts mentioned above exist, 
an average or a maximum figure may approximate roughness 
and be useful in specifying, checking or duplicating rough­
ness within practical limits. He was referring primarily to 
metal surfaces, but the problem of evaluating an index for 
surface roughness is somewhat mutual between metal surfaces 
and soil surfaces. Erik indicated that either the root mean 
square or arithmetical average could be used for a roughness 
index. 
Referring primarily to metal surfaces, Hydell (23) 
stated, "Until better instrumentation and sharper defini­
tions are available, logic would seem to call for practical 
rather than absolute interpretations of surface roughness 
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limits." He described roughness as the average deviation 
of the surface profile from the mean centerline through the 
surface. 
Kuipers (26) divided soil surface roughness into two 
phases: the relation between cultivation and soil physical 
conditions, and the relation between soil physical condi­
tions and plant growth. He obtained with his relief meter 
20 columns of 20 figures from each 40-inch by 40-inch plot. 
The logarithm of the standard deviation of heights of the 
400 figures obtained for each plot was used as a measure 
of roughness. 
Chepil (13) studied surface roughness in connection 
with wind erodibility of field surfaces. A ridge roughness 
equivalent was based on the height of ridges composed of fine 
gravel 2 mm and 6.4 mm in diameter and having a height spacing 
ratio of 1 to 4. He then used photographs of fields with 
roughnesses determined by a wind tunnel measurement to make 
estimates of roughness equivalents of other areas. 
Burwell, Allmaras and Amemiya (9) used a microrelief 
meter to study surface roughness. The index used for rough­
ness was the standard error among logarithm of heights that 
had been adjusted for roughness made by tillage tools ex­
tending in a direction parallel to the row. 
Schafer and Lovely (34) used the variance of individual 
readings from their mean within a profile as a measure of 
soil surface roughness. They studied the probe measurement 
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spacing and the distance between profiles needed to estimate 
soil surface roughness. The results of this study showed 
that profiles with I-inch probe spacing measured perpendicular 
to the direction of implement travel and 15 inches apart 
gave reliable estimates of surface roughness. 
Soil Moisture 
In order for a soil to function as a medium for plant 
growth, it must contain a certain amount of water. This 
moisture promotes the innumerable chemical, physical and 
biological activities of the soil, and acts as a solvent 
and carrier of nutrients (29). 
Soil structure studies have shown that soil is a porous 
medium which contains various sizes of pores (2). Water 
which enters the soil either remains in the pores or perco­
lates through them to lower depths. The character of the 
soil pore space has a great influence on the disposition 
of soil water. Soil moisture content would seem to be 
influenced by tillage of the soil since tillage influences 
the soil structure. 
According to Baver (2, page 225), soil water should be 
classified into three kinds: 
1. Hygroscopic water, which is absorbed from an atmos­
phere of water vapor as a result of attractive forces on the 
surface of the particles. 
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2. Capillary water, which is held by surface tension 
forces as a continuous film around the particles and in the 
capillary spaces. 
3. Gravitational water, which is not held by the soil 
but drains under the influence of gravity. 
The moisture content of soil is usually determined by 
weighing a moist sample, placing it in an oven at 105°C until 
all moisture is driven off. The percentage of water in the 
soil on a dry basis is taken as the moisture content (19). 
The neutron moisture meter developed by Kirkham and 
others has been used to determine the moisture content on a 
volume basis (21, 39). Neutron devices utilize a source of 
neutrons placed into an auger hole or upon a soil surface. 
Other methods have been used to determine soil moisture 
content such as electric methods, tensiometers, and sorption 
cones and blocks. These methods have been discussed by 
Baver (2). 
Soil Temperature 
Soil temperature has been recognized as one of the most 
important factors in the production of plants (45). Tillage 
practices often influence soil temperature and, consequently, 
affect plant growth during the early part of the growing 
season. All crops exhibit a growth curve, as influenced 
by air and soil temperature, which consists of a minimum 
below which growth will not proceed, followed by an increased 
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growth rate with increasing temperature up to an optimum, 
and then a decreasing growth rate to where growth ceases 
(27). 
Lyon and Buchman (29) reported it is universally recog­
nized that chemical and biological activities are an energy 
expression and that such changes, especially the latter, will 
not continue with adequate intensity unless certain tempera­
tures are maintained. The temperature of the soil is thus 
a factor of vital concern. 
Soil moisture exerts an influence on soil temperature 
by varying the specific heat of the soil, by encouraging 
conduction, through surface evaporation and percolation (29). 
Therefore, water regulation seems to be a governing factor 
to temperature control. 
Many ways have been employed to indicate soil tempera­
ture, but the most common one is the use of glass thermometers. 
Although measurements by glass thermometers are subject to 
certain errors, its greatest asset is reliability (32). 
Error is involved in measuring soil temperature at shallow 
depths because part of the thermometer is exposed to radia­
tion and air temperature. Buchele (8) made a study to deter­
mine the effect direct radiation has on the temperature 
registered by a thermometer. He concluded that mercury 
thermometers can be expected to give accurate readings of 
the soil temperature. 
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DESCRIPTION OP EQUIPMENT 
Three types of equipment were needed to conduct this 
study. Tillage equipment consisting of a moldboard plow, 
disk harrow, and a spike tooth section harrow was used to 
till the soil. The sampling equipment used to obtain the 
desired measurements included a core sampler, soil surface 
profile meter, a 12-inch diameter soil sampling cylinder 
with trays and spades, mercury thermometers and a Veihemeir 
soil sampling tube. Sample processing equipment consisted 
of a rotary sieve and a profile chart reader. 
Tillage Equipment 
Plow 
There were two plows used in conducting this study. A 
Ford, Model 10-209, 3-plow, 14-inch, economy bottom, mounted, 
moldboard plow was used for some of the experiments in this 
study. The power requirement to plow one of the soils 
necessitated the use of a large tractor. The hitch pins on 
all the large tractors available when the experiments were 
conducted were too large for the Ford plow. Thus, a John 
Deere, 810 series, 3-bottom, 16-inch, general purpose, mounted, 
moldboard plow was used for part of the study. 
Rolling coulters were used on both plows. Plain, 16-
inch diameter coulters were used on the Ford plow. The John 
Deere coulters were scalloped and 16 inches in diameter. 
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Mo other attachments were used on either plow. The use of 
the two plows was not mixed in any one experiment. 
Disk harrow 
A McCormick Deering, 8-foot, tandem disk harrow, which 
had been modified, was used on all but two of the seven ex­
periments conducted in this study. This disk harrow was 
originally a trail-type harrow, but had been converted into 
a 7-foot, mounted, rigid frame type with floating gangs. 
Plain disk blades were used on both front and rear gangs. 
The diameter and spacing of the disk blades were 18 and 6§ 
inches, respectively. The angle of the disks was 18 degrees 
from the direction of travel. 
A John Deere, Model SWA, 9-foot, tandem, trail-type, 
rigid frame disk harrow was used on the last two experiments 
conducted in this study because of the availability of the 
implements. Plain disk blades were used on both front and 
rear gangs. The diameter and spacing of the disk blades 
were 8 and 7 inches, respectively. The angle of the disks 
with respect to the direction of travel was 18 degrees. No 
weight or special attachments were used on either disk harrow. 
The use of the two harrows was not mixed in any one experiment. 
Spike tooth harrow 
A John Deere, Model 30 series, spike tooth section harrow 
was used for harrowing. There were four sections of the 
22 
harrow mounted together to make a 16-foot implement width. 
The harrow teeth were set at an angle of approximately ?0 
degrees from horizontal, sloping rearward. No additional 
weight or attachments were added to the harrow, and the same 
harrow was used on all of the tillage work in this study. 
Sampling Equipment 
Core sampler 
Figure 1 shows an electrically powered core sampler 
used in this study. This core sampler was developed by 
Buchele (7) at Iowa State University. The device was 
designed to obtain undisturbed 3-inch-diameter core samples 
to a depth of 9 inches. 
Soil surface profile meter 
Since undisturbed core samples were difficult to obtain 
from freshly tilled soil, a soil surface profile meter was 
used for obtaining data to determine bulk density and rough­
ness changes caused by the tillage operations. The meter 
provided a fast method for obtaining representative samples 
of the surface profile, thus permitting large scale experi­
ments to be conducted. Figures 2 and 3 show the surface 
profile meter which was used in the experiments. 
The surface profile meter consisted essentially of a 
probe which was powered both vertically and horizontally by 
two electric motors. The probing device was driven vertical­
ly by one motor and horizontally with another motor. The 
Figure 1. Electrically powered core sampler 
designed to remove 3-inch diameter 
undisturbed core samples 
23b 
Figure 2, Surface profile meter and the strip 
chart recorder 
Figure 3« A close view of the profile meter on 
a tillage plot 
g-
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probe and motor assembly was mounted on a horizontal track 
and A-frame. In the field the A-frame was placed on a 
level rectangular wooden frame. Vertical and horizontal 
movements of the probe were transferred by synchronous 
motors to a strip chart recorder shown in Figure 4. The 
vertical probe movement was recorded on a strip chart with 
a chart-probe length ratio of 1 to 2.0737. The horizontal 
probe movement was recorded on the strip chart with an 
approximate ratio of 1 to 4. Accuracy of the horizontal 
movement on the strip chart was not important since the 
! actual horizontal movement of the probe was constant. Probe 
length data were taken on 1-inch horizontal spacings over 
an 80-inch span. The data were recorded on the strip chart 
in a fashion shown in Figure 4. A transit and Philadelphia 
rod were used in connection with the surface profile meter 
to determine the elevation of the profile meter for each 
field setting. Several individual profiles could be taken 
on a sample area for one elevation reading by simply shift­
ing the position of the A-frame on the leveled rectangular 
wooden frame. 
Clod distribution sampling equipment 
Since there was no generally accepted method mentioned 
in literature for obtaining samples for clod size distribu­
tion, a method similar to that used by Swamy (40), Winkleblech 
(46) ana uoie (14) was employed for this slu<2>. Figure j 
Figure 4. The strip chart recorder used with the 
profile meter 

Figure 5* Soil sampling cylinder and U-shaped 
tray used for collecting clod samples 
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shows the equipment made and used for obtaining the soil 
samples. The cylinder was 12 inches in diameter and made 
from 20-gage galvanized sheet metal. The bottom edge of the 
cylinder was sharpened and a depth mark placed on the side. 
The cylinder was forced into the tilled layer of the soil 
to tillage depth, A sufficient amount of soil was removed 
from around the cylinder to permit the bottom of the U-shaped 
sheet metal tray to be placed adjacent to the bottom of the 
sample. The sample and cylinder were shifted horizontally 
onto the tray and lifted out of the field plot. The cylinder, 
soil and tray were placed into a transporting tray. The 
U-shaped tray was removed horizontally from beneath the 
sample, and the cylinder was pulled vertically from around 
the soil as gently as possible. All of the samples were 
transported from the field to a rotary sieve located in a 
laboratory for separation of the clods. 
Thermometers 
Mercury thermometers with a range of -30° to 120° Fahren­
heit were used for determining the soil temperature. Depth 
marks at 3 and 6 inches were made on each thermometer. A 
hand probe, made from a 1/4-inch-diameter metal rod, was 
used to make an opening in the soil for the thermometers. 
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Veihemeir soil sampling tube 
A 1-inch-diameter Veihemeir soil sampling tube was used 
to collect soil samples for determination of soil moisture 
content following the tillage treatments. A depth mark was 
made on the tube to indicate when the tube was inserted 6 
inches into the soil. Several cores were removed with the 
tube at random points in each plot to collect approximately 
a 400-gram sample of soil. The soil was placed into air­
tight metal cans for weighing and opened for oven drying. 
Processing Equipment 
Rotary sieve 
The rotary sieve used for determination of clod size 
distribution was a modification of the ones used by Chepil 
(12), Swamy (40) and Gill (22). Figures 6 and 7 show the 
sieve built for this study, and Figure 8 shows a schematic 
drawing of the sieve with pertinent dimensions. The 
screens were made from 1/8-, 1/4-, 1/2- and 1-inch bounded 
wire mesh and a 2 x 2-inch fabricated screen. 
The largest screen was on the smallest cylinder and the 
smallest screen on the largest cylinder. A slope of 4 de­
grees , which was built into the rotary sieve, was found to 
be too small for efficient sieving; therefore, one end of the 
machine was raised to increase the sieve slope to 7 degrees. 
An electric gear motor with a speed reduction of 1 to 48 rpm 
Figure 6. Side view of the rotary sieve 
Figure ?• View of the. feeding hopper and driving 
mechanism on the rotary sieve 
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a reduction ratio of 1 to 10 and a jack shaft were also 
utilized with the proper pulley sizes to establish a 7 1/2 
rpm sieve rotation speed and a feeder belt velocity of 5 feet 
per minute. 
The total weight of a soil sample was determined prior 
to sieving. Only clods smaller than 3 inches in diameter 
could be passed through the rotary sieve; therefore, clods 
with greater than a 3-inch diameter were removed from the 
sample by hand and placed into a tray for weighing. Residue 
found in the sample was removed from the soil sample and 
weighed. After the sample was completely separated into 
the respective clod size groups, each size group was weighed 
and recorded. 
Profile reader 
The determination of the length of each probe within 
each profile was necessary for data processing. Figure 9 
shows a device developed to expose each profile recorded on 
the strip charts for the purpose of determining the probe 
lengths. A roll of strip chart data was secured in one end 
of the device, and the chart paper was unrolled over the 
viewing surface onto a spool clamped in the opposite end. 
A hand crank was put on each spool to facilitate the transfer 
of the data chart from one roll onto another across the view­
ing surface. A sliding scale with units of 1/20 inch was 
devised with parallel guides to hold the scale in a constant 
Figure 9. Profile reader shown with the sliding 
scale in operating position over a 
recorded surface profile 
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position with respect to the sides of the chart paper. This 
scale was moved along the chart for determination of each 
probe length. 
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PBOCEDUBE 
Experimental Design 
A randomized block design which consisted of four blocks 
of five different tillage operations and a control plot with 
no tillage was used as a basic design in this study. Figure 
10 shows a plot layout with dimensions of the general design 
which was used. Each plot was 19 feet wide and 100 feet 
long. All sampling was done at least 30 feet from each end 
of the 100-foot length and 4 feet from the sides. 
The tillage operations studied were: (a) plowing with 
a moldboard plow, (b) plowing plus one disking, (c) plowing 
plus one disking and one harrowing, (d) plowing plus two 
diskings, and (e) plowing plus three diskings. The symbols 
assigned to each of these tillage treatments were P, PD1, PDH, 
PD2, PD3, respectively. The symbol C was used to designate 
the control treatment. 
Seven separate experiments were conducted using the 
basic randomized block design with each experiment randomized 
individually. These experiments were called Experiments A, 
B, C, D, E, F and S. Figure 11 shows an aerial view of 
Experiments B, C, D and E from left to right, respectively. 
When this photograph was made, Experiments B, C and D had 
been tilled and irrigation water was being applied to the 
aw?. u«ed for Experiment. T5e The soil type, r.rnp preceding 
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Pigure 10. Sample plot layout and dimensions 
used for each experiment 
Figure 11. Aerial view of the areas used for 
Experiments B, C, D and E, left 
to right respectively 
Note the tracks through the center 
of Experiments B, C and D made when 
obtaining the profiles. 
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the experiment, tillage date, plowing depth, and moisture 
content is shown in Table 1 for each individual experiment. 
Table 1. Soil and tillage conditions for each experiment 
Experi-
ment Soil type 
Previous 
crop 
Tillage 
date 
Plowing 
depth 
(inches) 
Mean soil 
moisture 
content 
(percent) 
A Nicollet-Webster 
(complex) 
Corn 6/15/62 6 26.8 
B Colo silt loam Oats 7/25/62 8 26.1 
C Colo silt loam Oats 7/30/62 8 25.3 
D Colo silt loam Oats 8/ 3/62 8 21.8 
E Colo silt loam Oats 8/ 8/62 8 26.7 
F Glenco-Webster 
(complex) 
Silage 
corn 
9/30/62? 
5/ 8/63* 
6 20.6 
24.5 
S Glenco-Webster 
(complex) 
Silage 
corn 
5/ 8/63 6 26.9 
aDate plots were plowed. 
^Date disking and harrowing were performed. 
Data Collection and Tillage Operations 
Core sampling 
Prior to any tillage of the plots, core samples were 
taken with the core sampler discussed in the section on equip­
ment. Core samples were taken on each replication from the 
0-3-inch and 3-6-inch soil layer. On experimental areas 
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where corn had been grown the previous year, a sample was 
obtained between the rows and one in the row for each plot. 
On the experimental areas where oats had been harvested, one 
sample was taken from each tillage plot. 
The core samples were weighed and dried in an oven at 
105°C for 48 hours. The dry samples were weighed for deter­
mination of the initial bulk density and moisture content on 
a dry basis. 
Initial profiles 
Four profiles were taken on each plot with the profile 
meter. These four profiles were spaced 15 inches apart over 
an 80-inch by 60-inch sample area, and were taken perpendicular 
to the planned direction of implement travel. Each sample 
area where profiles were measured was located with a transit. 
Bench marks were made with iron pipe driven approximately 3 
feet into the ground. A straight line was sighted with the 
transit across the center of each experiment perpendicular to 
the 100-foot direction of the plots. A stake was located in 
one corner of each sample area locating the sample area near 
the center of the tillage plot. On areas where corn rows were 
present, the stake was located midway between two corn rows 
near the center of each plot. The location of this stake with 
reference to a bench mark was recorded. After the first stake 
was located for each sample area, the three other stakes needed 
for supporting the rectangular frame and profile meter shown 
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in Figure 2 were located and leveled. 
The sample area was within the rectangular frame, '"he 
position of each profile with respect to the frame was located 
by guide marks on the frame. The four profiles taken on each 
sample area were taken successively before moving to a new 
sample area. The elevation of the profile meter was recorded 
for every set of four profiles taken within a sample area. 
The initial profiles measured on all plots within an experi­
ment were completed before any tillage was begun. 
Tillage operations 
After the initial profiles and core samples were obtained, 
the tillage operations were performed. The tillage tools 
traveled in the 100-foot direction of the plots. 
The plow was operated at a uniform speed of 4 mph and in 
only one direction, thus eliminating back furrows. The disk 
and harrow were also operated at a uniform speed of 4 mph. 
All tillage operations were completed on each experiment with­
in a 3-hour period from the beginning of plowing. A con­
certed effort was made to operate all the machines at a 
uniform speed and in a similar manner on all plots. 
Final profiling 
Following the tillage operations, the profile sample 
areas were relocated using the transit and data recorded in 
locating the areas for the initial profiles. A second set of 
profiles were taken in a similar manner to those taken prior 
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to tillage. The position of the second profiles was located 
within 1/2 inch of the first profiles according to spot 
checks which were made on relocation. 
The elevation of the profile meter was not necessarily 
the same as that used for the initial profiles; therefore, 
a new elevation reading was recorded for each set of final 
profiles. 
Soil clod samples 
Samples used for determination of clod size distribution 
were taken from each replication. One 12-inch-diameter sample 
was taken on each plot. The soil samples were taken from the 
plots as soon as possible after tillage. All of the samples 
were transported to the rotary sieve in a station wagon and 
were handled as gently as possible during transit. 
Sieving 
When the soil clod samples were delivered to the sieve, 
they were separated with the rotary sieve as soon as time 
permitted to minimize moisture loss from the sample prior 
to the sieving process. 
Temperature 
The temperature was recorded for 10 days following til­
lage except when weather conditions interfered. Readings were 
taken from the 3- and 6-inch depth at approximately 3:30 P.M. 
ana 5O0 F.H., respectively, to obtain the approximate maximum 
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daily temperatures at these respective depths (17)• Four 
temperature readings were taken daily at each depth from each 
plot. Mercury thermometers were inserted at random for each 
reading and the thermometer was allowed approximately 15 
minutes to reach equilibrium. 
Moisture content 
Soil samples were taken from each plot with the Veihemeir 
tube every other day for approximately 10 days following the 
tillage operations. These samples were obtained from the 
0-6-inch surface layer. The soil was collected from several 
random points within each plot to make up each sample. The 
samples were then oven-dried for determination of the moisture 
content on a dry basis. 
Data Processing 
Bulk density 
In order to evaluate a change in bulk density which could 
be attributed to tillage, it was necessary to determine the 
bulk density existing in the area of concern before and after 
tillage operations. The bulk density of the area before til­
lage was determined from the core samples which were taken 
prior to any tillage. This bulk density was calculated on 
a dry basis and was referred to as the initial bulk density 
(BDX). 
Undisturbed soil core samples are difficult if not im­
possible to obtain on freshly tilled soil. Because of this, 
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surface profiles were used to determine the bulk density after 
tillage. The bulk density after tillage was referred to as 
the final bulk density (BDg). 
Surface profiles with known base line elevations before 
and after tillage provided a method to determine the volume 
change in the soil caused by tillage. This volume change was 
determined from each pair of before- and after-tillage profiles. 
The final bulk density was then computed using the initial 
bulk density, tillage depth, and the volume change. The 
computation procedure is discussed in a later paragraph. 
To use the profile data for determination of the final 
bulk density, an analysis of each probe line recorded with the 
profile meter was made. Approximately 12,500 probe lines had 
to be analyzed for each experiment. Each of the probe lines 
was measured with the aid of the profile reader shown in 
Figure 9. 
A reference line was established along the line common to 
all probe lines as shown in Figure 12. The elevation of the 
profile meter determined in the field for each profile was 
used as a numerical value of the reference line. A guide 
line was arbitrarily drawn through the probe lines. Scale 
units of 1/20 inch were selected for the movable scale used 
on the profile reader. These scale units appeared to be the 
smallest ones which could be read with accuracy. The coordinate 
values of the reference line and guide line found on the 
movable scale were recorded for each profile. Probe length 
Figure 12. Close up of one of the recorded 
profiles showing the position of 
the reference and guide lines 
y-REFERENCE LINE 
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data consisting of the distance which end points of each 
probe varied from the guide line were read by sliding the 
scale over the probe lines. Positive deviation values were 
assigned to probes which were longer than the distance between 
the reference and guide lines, and negative deviation values 
to the shorter probes. 
To compute bulk density change, the cross section area 
contained between the reference line elevation and the soil 
surface was computed for each profile. The difference between 
the cross section areas was computed and combined with the 
reference line elevation differences for determination of the 
change in the mean soil depth as affected by the tillage. 
The equation used to compute the cross section area of a 
profile was 
A = [g-r-6+ —^ F(80) (1) 
where 
A = cross section area in square inches, 
g = coordinate of the guide line, 
r = coordinate of the reference line, 
P%= distance from guide line to the end of each probe 
line, 
n = number of probes made for each profile, and 
F « conversion factor. 
The 6 used in Equation 1 is a constant inherent to the 
profile meter. Calibration of the profile meter showed there 
was a pen movement of six scale units on the recorder which 
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was not due to any movement of the probe. The value of 80 
in Equation 1 is the length of the profile in inches. 
The conversion factor, F, was used to convert the measure­
ment of the pen travel on the recorder to inches traveled by 
the probe. 
p e 2.0737 inches of probe travel per inch of pen travel 
20 scale units per inch of pen travel 
Therefore, 
F = 0.1037 inches of probe travel per scale unit 
Equation 1 becomes 
A = (g-r-6 + 8.296 in2 = (g-r-6 + 53*52 cm2 (2,3) 
The elevation of the reference line for corresponding 
profiles before and after tillage was not necessarily the 
same; therefore the cross section area lying between the 
reference line elevations for each pair of profiles was 
determined by 
Ae = (eg-e^) (12) (80) in2 = (e^-e^) 6193.54 cm2 (4,5) 
where 
Ag = cross section area, 
e^ = elevation of the reference line in feet for the 
profile measured before tillage, and 
eg = elevation of the reference line in feet for the 
profile measureû ou Liio scwae loocitiou after tillage # 
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The constants, 80 and 12, in Equation 4 are the profile 
length and conversion factor, respectively. 
The total cross section area difference was found by 
ÀD = Ai - a2 + Ae (6) 
The subscripts, 1 and 2, refer to cross section areas of 
profiles before and after tillage, respectively. 
The mean depth change in centimeters caused by tillage 
was 
A - AP - AP ,7x 
d " (80) (2.f4) ~ 203.2 (7) 
The bulk density of the tilled soil varies inversely as 
the mean depth varies; therefore, the bulk density of the 
tilled soil was determined by 
- a ' S v  
where d is the mean plowing depth in centimeters. 
The bulk density change as affected by tillage was found 
by taking the difference between BD^ and BDg. 
The calculation of the bulk density change for all of the 
profiles measured in this study was obviously laborious and 
the changes for calculation errors were excessive. Therefore, 
the data were put on IBM cards so the computations could be 
made on a high speed computer. 
The values of g, r, n, e and the initial bulk density 
F NY 09 z» In 1 o I.R o v»/-i AV* VI •*- ITr\ m.r *r. 
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identification. Table 2 shows how the data were organized on 
each card. The first 25 columns were used for identification 
purposes and the remaining columns on the card were utilized 
for recording the probe data. Two columns were required for 
Table 2. Orientation of profile data on IBM cards 
Column No. Information placed in each card column 
1 Card number 
2 Experiment 
3 Profile sequence: Number 1 and 2 punches were 
used to indicate profiles recorded before and 
after tillage, respectively 
4 Replication number 
5 - 7 Treatment 
8 Profile number within a treatment 
9 - 10 Coordinate of the reference line 
11 - 16 Elevation assigned to the reference line in feet 
17 - 19 Coordinate of the guide line 
20 - 23 Initial bulk density in gm/cc 
24 - 25 Number of probes (n) within the profile 
26 - 79 Probe length data 
each probe and negative signs were punched above the units 
digit. There were 27 probes recorded on each card in columns 
26-79» therefore, three cards were required for each profile. 
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The same identification was put in the first 25 columns on 
each of the three cards. 
The data cards for profiles measured before and after 
tillage were put into individual decks. The order of the 
profiles in each deck of cards was the same. 
A computer program was prepared for an IBM computer 
to calculate BD2 and the change in bulk density for each pair 
of profiles as affected by each tillage treatment. A complete 
listing of the computer program used for an 8-inch plowing 
depth can be found in Appendix 1. The data cards used with 
this computer program were stacked so cards containing pro­
file data taken on an experiment before tillage were processed 
ahead of the cards containing the data recorded after tillage. 
The computer program was designed to compute the bulk 
density change from each pair of profiles and the mean bulk 
density change for the four pairs of profiles taken from each 
plot. This mean change was used as a representative sample. 
An analysis of variance was run on the data for individual 
experiments and for a combination of Experiments B, C and D. 
On those experiments in which significant differences were 
found between tillage treatments a sequential range test (37) 
was performed. 
Clod size distribution 
The percentage of the soil sample separated into each 
size range was determined from the weights recorded when the 
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sample was sieved. In order to analyze the results statisti­
cally, the mean weight diameter was computed for each sample 
using the method described by Younker and McGuinness (49). 
The mean weight diameter was introduced by Van Bavel (43) 
and is a sensitive index of the aggregation status of the 
soil which can be used in statistical studies. 
An analysis of variance was performed on the mean weight 
diameter data determined for each individual experiment and for 
a combination of Experiments B, C and D. A sequential range 
test was run on the data of those experiments in which signi­
ficant differences were shown between tillage treatments. 
Surface roughness 
A roughness coefficient was determined using the data 
recorded for each profile before tillage and one was determined 
for corresponding profiles taken after tillage. The differ­
ence between these two coefficients was referred to as the 
change in roughness as affected by the tillage operations. 
Roughness coefficients which have been reported in litera­
ture (9, 13, 23, 26) do not describe all features of a surface. 
If the--standard deviation of a soil surface from a mean is 
used for a coefficient of roughness, an assumption must be 
made that a normal distribution exists on the surface. A 
normal distribution may not always exist on a tilled soil 
surface. The root mean square for a soil surface gives the 
C M I •£* -« *»»«• *.W. I •£* » —; — — •- - - ' -F* -F* 1 ^ 
V - U i w  X K / X  UiUfcLij UilXCiCUU O UA'A a L/C 
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conditions. This same fact is true for most coefficients 
based on a mean value. 
An attempt was made to formulate a roughness coefficient 
dependent on more features of the soil surface condition than 
the other coefficients reported in the literature available. 
For the purpose of this study, a measure of roughness 
was first assumed to be the sum of the absolute difference 
between the slopes of lines which connect the end points of 
successive probe lines recorded with the profile meter. 
Using this approach, a roughness coefficient, B, was con­
sidered to be a function of subsidiary coefficients, r^, 
computed for various uniform probe spacings. The value of 
B was expressed as 
E = f(rv r2, Ty r1Q, r2Q) (9) 
where r^, r2, ?y r^Q and r2Q were subsidiary coefficient 
values determined for 1-, 2-, 3-» 10- and 20-inch spacings, 
respectively. 
The spacing of 1 inch was selected because it was the 
narrowest spacing used between probes. Spacings of 2 and 3 
inches were chosen to get a detailed evaluation of roughness 
caused by clod sizes 6 inches and under. The 10- and 20-inch 
spacings were selected since they were one-fourth and one-half 
the width of the corn rows in the field, respectively. 
Transition points in the slope of the soil surface between 
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corn rows existed at intervals of one-fourth and one-half of 
the row width. The spacings selected seemed to be the 
pertinent ones for the evaluation of the surface roughness 
in this study. 
In order to evaluate the values for r^, the symbols 
Pg, P3, P4 ... pn were assigned to probes 1, 2, 3, 4 ... n, 
respectively in each profile. The value of n varied from 77 
to 81 probes for all profiles measured. 
The value of r^ was determined by 
rx = |(PiiEâ)„(£aiE2)| , |(^E2).(£r£ii)| (10) 
, |(2rEi)-(E£lE5)| » ... » |(Pp-2-Pn-l).(Pti-i-Pa)| 
which reduces to 
rl = |( P^-^pg-p^)) + |(P2~2p^-p^ )| + ]( P-j—2pj^—p^ )| (11 ) 
+ l(pn-2-2Pn-l™pn)l + • • • 
The value of when n is an odd number, was determined by 
= |(£c£2) (prpD| 4 |(£rES).(£r£2)l • ... (12) 
d 2 2 ' 2 2 1 
+ j(Pn-4"Pn-2) (Pn-2-Pn)| 
1 2 2 ' 
or 
z*2 ~ 1/2 ||(p^-2p-j-p^)| + J(p^—2p^-py)| + ... (13) 
+ Kpn-4~2Pn-2-Pn)lJ 
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Because of the spacing when n is an even number, the 
last term in Equation 13 became 
+ Kpn-3 - 2Pn_i - pn)| (13a) 
The values of r^, r^Q and r2Q are found in a similar 
manner to r^ and r2. The probes used for determination of 
these values of r were determined by the spacing used. 
When n = 77, 78 or 79 
(14) **3 - 1/3 |^|(Pi-2p^-Py)| + |(P4_2py-p-^Q)| + ... 
+ |(pr,^-2pr,^-pn)|j 
When the value of n was 80 or 81, the last term of Equation 14 
becomes 
+ |(P76-2P79-Pn)| (14a) 
The value of r^Q was found by 
r10 = 1/10 |(P^-2p^^—P2-^)j * K pn—2p21—2p31 * •••(15) 
+ |(p6l-2p71-pn)| 
and the value of r2Q was found by 
r20 = 1//20 [|(Pi-2P2i"P4l^l + Kp21~2p4l~p6l^ 
+ |(p4l-2p6l-pn)| 
(16) 
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The use of r-p r2, r^, r1Q and r2Q puts an excessive 
emphasis on r^ compared to other values of r^ since more 
changes in slope were computed for r^. Consequently, for 
this study, the values obtained for each r^ were multiplied 
by their respective spacing which gave r/ values that were 
on a common basis. 
The values of r^' were then combined by addition to form 
a roughness coefficient to use in this study expressed as 
B 
= 
rl' • r2* • Tj' * rlo' * r2o' (17)  
The value of B is larger for rough surfaces than for 
smooth surfaces, and it is zero for a flat horizontal surface. 
Thus, B serves as an indication of the degree of surface 
roughness. The computation of B and the values of the change 
in B as affected by tillage was impractical using a desk 
calculator because of the time involved and chances for 
calculation errors. Since the profile data had been placed 
on IBM cards for studying bulk density, the calculations 
for surface roughness were programed for an IBM computer. 
The complete computer program is given in Appendix 2. The 
order in which the cards were run through the computer was 
the same as that used for bulk density computations. 
The computer program for surface roughness computations 
was designed to compute roughness coefficients for each pair 
of profiles and the roughness coefficient change for the four 
pairs of profiles taken from each replication. 
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A mean roughness coefficient change was determined for 
the four pairs of profiles within each plot. This mean co­
efficient change was used as a representative sample value 
for each respective plot. An analysis of variance was performed 
on the data for individual experiments and for a combination 
of Experiments B, C and D. A sequential range test was run 
on those experiments in which significant differences were 
found between tillage treatments. 
Soil moisture and temperature 
The mean soil moisture content of the four replications 
within each treatment was computed for each experiment. These 
mean values were determined for the soil moisture content 
before and after tillage. The moisture content change from 
that which existed at the time tillage was performed was 
computed for each treatment for the days on which samples 
were collected. 
Mean soil temperatures were computed for each treatment 
within each experiment. These means were determined for tem­
peratures at the 3- and 6-inch depths for each day the tempera­
tures were recorded. 
No additional processing was performed on the soil 
moisture and temperature data except for plotting the soil 
moisture content change versus time. The graphs are presented 
in a following section. A desk calculator was used for the 
vuiu^uLaLiuu of the soil mois Lore and temperature data. 
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RESULTS AND DISCUSSION 
Bulk Density 
The data for bulk density before and after tillage, the 
bulk density change, and the mean bulk density changes deter­
mined for each experiment are given in Appendix C. The bulk 
density changes for treatments and experiments are shown in 
Table 3» These bulk density changes are also shown graphical­
ly in Figure 13. The calculated bulk density changes have 
been presented as positive values. A positive bulk density 
change indicates that the bulk density has been reduced from 
its original value. Numerical differences in bulk density 
changes between each treatment are summarized for each experi­
ment in Table 4. 
It can be seen in Figure 13 for Experiments A, B, C, D 
and E that plowing caused a greater bulk density change than . 
any of the other tillage treatments. In Experiment A, which 
was performed on a Nicollet-Webster soil, previously in corn, 
there was a decrease in the bulk density change as more disk­
ing operations were performed. This indicates that the bulk 
density increased as the additional diskings were performed. 
The PDH treatment showed a smaller bulk density change than 
the PD2 and PD3 treatments. 
Greater bulk density changes were found on Experiments B, 
C, D and E, performed on a Colo soil, previously in oats, than 
for corresponding treatments in Experiment A. This means 
Table 3 . Mean bulk density changes as affected by tillage operations 
Grams per cubic centimeter 
Experiment 
Treatment A B C D E P S 
P 0.301 0.3753 0.3149 0.3621 0.3172 0.1306 0.3112 
PDl 0.257 0.3391 O.2932 0.2544 0.1980 0.2099 0.3142 
PDH 0.115 0.2911 0.2779 0.2975 0.1832 0.1785 0.2211 
PD2 0.182 0.3003 0.3004 0.2440 0.2384 0.2077 0.2872 
PD3 0.135 0.3047 0.2853 0.2214 0.1668 0.1510 0.254? 
C 0.40 
g 0.30 
t 0.20 
EXP. A EXP.B EXP.C 
Figure 13. Bulk density changes 
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Table 4. Mean bulk density changes as affected by tillage 
operations 
Experi­
ment 
Treat­
ment 
Mean 
bulk density 
change 
gm/cc 
Differences between treatments 
PD3 PD2 PDH PDl 
A P 0.301 0.166* 0.119* 0.186* 0.044 
PDl 0.257 0.122 0.075 0.142* 
PDH 0.115 -0.020 -O.O67 
PD2 0.182 0.047 
PD3 0.135 
B P 0.375 0.070 0.075 0.084 0.036 
PDl 0.339 0.034 0.039 0.048 
PDH 0.291 -0.014 -0.009 
PD2 0.300 -0.004 
PD3 0.304 
C P 0.315 0.030 0.015 0.037 0.022 
PDl 0.293 0.008 -O.OO7 0.015 
PDH 0.278 -0.007 -O.O23 
PD2 0.300 0.151 
PD3 0.285 
D P 0.362 0.141* 0.118 0.065 0.108 
PDl 0.254 0.033 0.010 -0.043 
PDH 0.297 0.076 0.054 
PD2 0.244 0.023 
PD3 0.221 
E P 0.317 0.150 0.079 0.134 0.119 
PDl 0.198 0.031 -0.040 0.015 
PDH 0.183 0.164 -O.O55 
PD2 0.238 0.072 
PD3 0.166 
F P 0.130 -0.020 -O.O77 -0.048 -0.079 
PDl 0.209 0.059 0.002 0.031 
PDH 0.178 0.028 -O.O29 
PD2 0.207 0.057 
PD3 0.151 
^Significant at the 95 percent level. 
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Table 4. (Continued) 
Experi­
ment 
Treat­
ment 
Mean 
bulk density 
change 
gm/cc 
Differences between treatments 
PD3 PD2 PDH PDl 
S P 0.311 0.057 0.024 0.090* -0.003 
PDl 0.314 0.060 0.027 0.093* 
PDH 0.221 -0.034 -0.066 
PD2 0.287 0.033 
PD3 0.254 
B, C and P 0.350 0.080 0.069 0.062 0.055 
D (com­ PDl 0.295 0.025 0.014 0.007 
bined ) PDH 0.288 0.018 0.007 
PD2 0.281 0.011 
PD3 0.270 
that the Nicollet-Webster soil which was previously in corn 
was consolidated more by the tillage treatments than on the 
Colo soil. The difference in consolidation could be attributed 
to the soil type or the soil conditions existing when tillage 
was performed. 
In Experiment B, disking once following plowing increased 
the bulk density by 0.036 gm/cc whereas additional diskings or 
harrowing caused little or no change in bulk density. Harrow­
ing produced a slightly smaller bulk density change than PD2 
or PD3. Experiment C showed bulk density changes due to 
disking and harrowing were very small. Plowing resulted in 
bulk density changes approximately as great as those found 
in other experiments. Again, harrowing produced a smaller 
bulk density change than additional disking. In Experiment D, 
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the disking operations produced a trend toward lower bulk 
density changes as more diskings were performed in addition 
to plowing. However, the PDH treatment showed a greater bulk 
density change than PDl. This could have been caused by 
experimental error since no significant difference was found 
between any of the treatments performed after plowing. 
Experiment E showed that PD2 produced a higher bulk density 
change than any of the treatments following plowing. This 
is contrary to the results of the previous experiments. 
This difference could have been caused by experimental error 
since no significant differences were found between any of 
these treatments following plowing. 
The data recorded for Experiment F, which was performed 
on a Glenco-Webster soil with a Webster overwash, previously 
in corn, showed that the bulk density change was less for 
plowing than for the subsequent tillage operations. This 
can be attributed to the fact that the plowing was done in 
the fall and the weathering action throughout the winter 
months caused the soil to become compacted. It can be seen 
in Figure 13 that the disking and harrowing operations broke 
up the compactness, accounting for the increased bulk density 
change. Thus, the secondary tillage treatments performed in 
the spring subsequent to fall plowing, produced a greater 
bulk density change than the fall-plowed soil left fallow 
through the winter months. 
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Experiment S was on a Glenco-Webster soil with a Webster 
overwash, previously in corn. These plots were plowed in the 
spring on the same day the secondary tillage operations were 
performed. Plowing caused approximately 0.3 gm/cc bulk density 
change. There was little or no change in bulk density when 
the plowed land was disked once. Additional diskings com­
pacted the soil causing less change in bulk density. Harrow­
ing after plowing and disking produced the smallest bulk 
density change. 
An analysis of variance of each experiment showed signi­
ficant differences between treatments on Experiments A, D 
and S. The sequential range test showed the differences in 
Experiment A at the 95 percent level to be between Treatments 
P and PDH, PD2, PD3; and between PDl and PDH. Only Treatment 
P was significantly different from PD3 in Experiment D. In 
Experiment S, Treatment PDH was found to be different from P 
and PDl. The results of the statistical analysis are given 
in Tables 29 and 30, found in Appendix D. 
Experiments B, C and D were performed on Colo silt loam 
soil. The data for these experiments were combined and analyzed 
statistically using an analysis of variance and sequential 
range test to test the trend indicated in Figure 14 which 
shows graphically the means of the bulk density changes for 
the combined data along with the data points for each treat­
ment.  No mieni finayit difference was shown ah the Q< nercent-
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level between any of the treatments. Although no statistical 
difference was shown between any of the treatments, the means 
of the combined data for Experiments B, C and D indicate that 
plowing caused the greatest bulk density change compared to 
that found for the secondary tillage treatments. A trend is 
shown toward a lesser bulk density change as each additional 
secondary tillage operation was performed, but there was not 
much difference shown between the secondary tillage treatments. 
In general, it can be concluded from these bulk density 
data that plowing created the lowest bulk density on the soil 
in comparison to the secondary tillage treatments for Experi­
ments A, B, C, D and E. The bulk density was reduced by 
approximately 0.3 gm/cc in these experiments. In Experiment 
F, the data show bulk densities were higher in the fall-
plowed soil left fallow through the winter months than the 
bulk densities created by the secondary tillage operations. 
The bulk density of the soil which was fall-plowed was more 
than that created by spring plowing; therefore, these data 
indicate that fall plowing is conducive to the creation of a 
more compact seedbed than spring plowing. Harrowing the 
soil after one disking created a higher bulk density than a 
second disking in most of the experiments. The difference in 
the data between the various experiments which can be seen in 
Figure 13 is probably due primarily to soil type, moisture 
content, and initial soil condition, but these data are in­
sufficient to draw definite conclusions about how these 
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variables affect the bulk density changes caused by tillage 
operations. 
The processing of the profile data taken in this study 
for determination of the bulk density change was not feasible 
without the assistance of a high speed computer. The number 
and nature of the calculations necessary to analyze the data 
would have created a large chance for computation errors if 
a computer had not been available, and the time required to 
make the calculations was unreasonable. 
Clod Size Distribution 
The clod size distribution data are shown in Appendix E. 
Table 5 shows the clod size distribution expressed in terms 
of the mean values of the mean weight diameter. These data 
are shown graphically in Figure 15. Numerical differences in 
the mean weight diameter between tillage treatments are 
shown in Table 6. 
In Experiment A, the mean weight diameter was the great­
est for the plowed soil and as more tillage was performed on 
the soil, the mean weight diameter was decreased. The mean 
weight diameters resulting from Treatments PD2 and PD3 were 
approximately the same. In Experiments B, C and D the plowed 
soil had a larger mean weight diameter than the soil which 
had additional tillage treatments, but there were erratic 
differences between the PDl, PDH, PD2 and PD3 treatments. 
Table 5 « Mean of mean weight diameter as affected by tillage operations 
Mean weight diameters in inches 
Experiment 
Treatment A B C D E F S 
P 1.370 2.200 2.390 1.860 1.500 0.940 0.877 
i 
PDl 1.117 1.660 1.480 1.330 2.120 1.000 0.580 
PDH 0.952 1.770 1.692 1.560 1.635 0.880 0.642 
PDÎ! 0.810 1.890 1.210 1.300 1.597 0.872 0.527 
PD;:I 0.825 1.550 1.455 1.385 1.512 0.942 0.670 
2.5r 
uj 0.5 
EXP. A EXP. B EXP. C 
Figure 15# Mean weight diameter 
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Table 6. Mean weight diameter as affected by tillage 
operations 
Mean 
Experi­ Treat­ MWDa Differences between treatments 
ment ment (inches) PD3 PD2 PDH PDl 
A P 1.370 0.545 0.560 0.418 0.253 
PDl 1.117 0.292 0.307 0.165 
PDH 0.952 0.127 0.142 
PD2 0.810 -O.OI5 
PD3 0.825 
B P 2.200 0.650 0.310 0.430 0.540 
PDl 1.660 0.110 -O.23O -0.110 
PDH 1.770 0.220 -0.120 
PD2 1.890 0.340 
PD3 1.550 
C P 2.390 0.935* 1.180* 0.698* 0.910* 
PDl 1.480 0.025 0.270 -0.212 
PDH 1.692 0.237 0.482 
PD2 1.210 -0.245 
PD3 1.455 
D P 1.860 0.475 0.560 0.300 0.530 
PDl 1.330 -0.055 0.030 -0.230 
PDH 1.560 0.175 0.260 
PD2 1.300 -0.085 
PD3 1.385 
E P 1.500 -0.012 -O.O97 -0.135 -0.620 
PDl 2.120 0.608 0.523 0.485 
PDH 1.635 0.123 0.038 
PD2 1.597 0.085 
PD3 1.512 
F P 0.940 -0.002 0.068 0.060 -O.O6O 
PDl 1.000 0.058 0.128 0.120 
PDH 0.880 -O.O62 0.008 
PD2 0.872 -O.O7O 
PB3 0.942 
aMean weight diameter. 
Significant at the 95 percent level. 
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Table 6. (Continued) 
Mean 
Experi- Treat- MWD3, Differences between treatments 
ment ment (inches) PD3 PD2 PDH PDl 
S P 0.877 0.207 0.350 0.235 0.297 
PDl 0.580 -0.090 0.053 -O.O62 
PDH 0.642 -0.028 0.115 
PD2 0.527 -0.143 
PD3 0.670 
B, C and P 2.150 0.688* 0.684* 0.477* 0.660* 
D (com­ PDl 1.490 0.027 0.024 -0.184 
bined ) PDH 1.674 0.211 0.208 
PD2 1.466 0.003 
PD3 1.463 
These erratic differences can be explained by the fact that 
there was variation between the samples taken from each treat­
ment replication. These variations can be expected in tilled 
soil. 
In Experiment E, the mean weight diameter resulting from 
plowing was less than that found for any of the other treat­
ments. The mean weight diameter of the soil on Treatment PDl 
in Experiment E was considerably larger than any of the mean 
weight diameters found for the other treatments. The results 
obtained for Experiment E could possibly be due to the moisture 
content of the soil when the plots were tilled. Table 1 gave 
the moisture contents of each experiment when tillage was per­
formed. The mean moisture content of the soil used for 
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Experiment E was 26.7 percent, which is close to field capa­
city. Work reported by other research workers indicate that 
this moisture content is approaching the critical range for 
tilling Colo soil. The first disking operation could possibly 
have created some clods at this moisture content and the addi­
tional secondary tillage operations reduced the clod size. 
The clod size distribution varied over the plots; therefore, 
there is a possibility that the results are due to chance. 
There was no apparent personal observations found which could 
explain the results. 
It can be seen in Figure 15 that the mean weight diameter 
was approximately the same for all treatments in Experiment F. 
This indicates that the winter weathering effect broke down 
the clod size and the spring tillage treatments did not cause 
any further breakdown in clod size. 
The mean weight diameter of the plowed soil in Experiment 
S was approximately the same as plowed soil in Experiment F. 
Each of the secondary tillage treatments performed subsequent 
to fall plowing reduced the mean weight diameter by approxi­
mately the same amount. 
An analysis of variance was performed on the mean weight 
diameter data for each individual experiment. This analysis 
showed significant differences at the 95 percent level between 
the treatments in only Experiment C. A sequential range test 
on the data from this experiment showed that plowing produced 
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a significantly greater mean weight diameter than all other 
treatments. No significant difference was shown between any 
of the secondary tillage treatments at the 95 percent level. 
This shows that plowing creates large clods and that disking 
and harrowing cause equal amounts of breakdown. A summary 
of the analysis of variance and sequential range tests can 
be found in Tables 31 and 32 in Appendix D. 
An analysis of variance performed on the combined data 
for Experiments B, C and D showed there were significant 
differences between some of the treatments at the 95 percent 
level. The sequential range test run on these data showed 
a significant difference at the 95 percent level between the 
mean weight diameter determined for Treatment P and all 
secondary tillage treatments. The test showed no significant 
difference between any secondary tillage treatments performed. 
Figure 16 shows graphically the mean values of the mean weight 
diameter along with the data points for each treatment. 
The treatment means for the combined data in Figure 16 
indicate the differences between the treatments. The wide 
variation of the data points should be noted. Whenever soil 
is disturbed by tillage operations, a variation of this type 
can be expected. 
The data show some general indications although statistical 
significance was not shown in every experiment. Plowing caused 
the larerest mean wei rrht. diameter n.hanore in al 1 of* fho ovno*>imo«t 
Figure 16. The mean weight diameter as affected 
by tillage operations for Experiments 
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except Experiment F. The difference between the mean weight 
diameter of the plowed soil and the ones found for the 
secondary tillage treatments was much greater than those 
differences found between the secondary tillage treatments. 
Due to the wide variation between the mean weight diameters 
of the samples, the data indicate that the differences shown 
between the secondary tillage treatments are not large 
enough to be significant. This means that once the first 
disking was performed, neither harrowing nor additional disk­
ings materially changed the mean weight diameter of the clods. 
In Figure 15 there appears to be some difference shown 
between the mean wèight diameters caused by the tillage 
treatments due to soil type. The mean weight diameters 
of the soil samples taken from Experiments B, C, D and E, 
conducted on the Colo soil, were larger than those found on 
Experiments A, F and S which were conducted on different soil. 
However, these differences could have been due to the initial 
soil condition. One should note that there seems to be a 
trend in the results of Experiments B, C, D and E related to 
the moisture content at the time tillage was performed. The 
mean weight diameter of the soil was less for the experiments 
tilled on the drier soil. 
Surface Roughness 
The surface roughness coefficient data as determined 
by the computer are shown in Appendix F. In Table 7 the 
Table 7 . Msan roughness coefficient changes as affected by tillage operations 
Experiment 
Treatment B C D EPS 
P 2295 2482 2430 2311 -313 799 
PDl. 1699 1787 1949 1703 23 699 
PDH 1386 1521 1582 1168 -22 620 
PDîî 1612 1444 1888 1451 70 614 
PD;j 1150 1209 1442 1380 20 528 
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mean roughness coefficient changes as affected by the til­
lage operations are shown for all of the experiments except 
Experiment A. These same data are shown graphically in 
Figure 17. Numerical differences in the surface roughness 
coefficient changes between treatments caused by the tillage 
operations are given in Table 8. The profile data for 
Experiment A were not recorded on IBM cards; therefore, the 
surface roughness was not studied on that experiment. 
Smaller changes in roughness coefficients indicate 
smoother surfaces following tillage than the larger changes 
in coefficients. A negative change in the roughness coeffi­
cient indicates that the soil surface following tillage was 
smoother than the surface before tillage. 
The surface roughness data for Experiments B, C, D and 
E show, in Figure 17, that plowing produced a greater sur­
face roughness change than any of the other tillage opera­
tions. The same data also show that as each disking opera­
tion was performed, the surface roughness change was less. 
This indicates that the surface is made smoother by these 
operations. Harrowing after plowing and disking produced 
less roughness change than one additional disking in Experi­
ments B, D and E, but in Experiment C, the roughness change 
created by the PDH treatment was less than that found for 
PDl and more than that found for PD2. 
In Experiment F, there was a negative roughness change 
shown for plowing. This indicates that the fall plowed soil 
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Table 8. Surface roughness changes as affected by tillage 
operations 
Experi­
ment 
Treat­
ment 
Mean 
coefficient 
change 
Differences between 
PD3 PD2 PDH 
treatments 
PDl 
B P 2295 1145* 683* 909* 596* 
PDl 1699 549* 87 313 
PDH 1386 236* -226 
PD2 1612 462 
PD3 1150 
C P 2482 1273* 1038* 961* 695* 
PDl 1787 57 8 343 266 
PDH 1521 312 77 
PD2 1444 235 
PD3 1209 
D P 2430 988* 542* 848* 481* 
PDl 1949 507 61 367 
PDH 1582 140 -306 
PD2 1888 446 
PD3 1442 
E P 2311 931* 860* 1143* 608* 
PDl 1703 323 252 535 
PDH 1168 -212 -283 
PD2 1451 71 
PD3 1380 
F P -313 -333 -383 -291 -336 
PDl 23 3 -47 45 
PDH -22 -42 -92 
PD2 70 50 
PD3 20 
S P 799 271 185 179 100 
PDl 699 171 85 79 
PDH 620 92 6 
PD2 614 86 
PD3 528 
B, C and P 2371 1097* 688* 884* 554* 
D(com­ PDl 1817 543* 134 330* 
bined) PDH 1487 213 -196 
PD2 1683 409* 
PD3 1274 
* 
Significant at the 95 percent level» 
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left fallow through the winter months had a smoother surface 
in the spring than the original surface. The secondary 
tillage operations performed in the spring in addition to 
fall plowing produced higher roughness changes than the 
plowed surface. The surface roughness change was approxi­
mately the same for the secondary tillage treatments. These 
results indicate that the fall plowed soil left fallow through 
the winter was smoother than the surfaces which were created 
by the secondary tillage operations. The tillage performed 
in addition to one disking on Experiment F did not produce 
much change in the degree of surface roughness. However, it 
should be noted that the PDH treatment produced a slightly 
smoother surface than Treatments PDl, PD2 and PD3. These 
same data show that the use of the roughness coefficient, B, 
developed for this study gave approximately the same vilue 
for more than one type of soil surface. The soil surface 
prior to fall plowing consisted of corn rows. The surface 
following the disking and harrowing operation was a differ­
ent type of surface. But the surface roughness coefficients 
found for the two surfaces were approximately the same. In 
the corn rows there was a relatively smooth surface with 
large Undulations. The surface resulting from the secondary 
tillage operations did not have the large undulations, but 
did have a large number of smaller irregularities. Thus, it 
is conceivable that the degree of surface roughness for the 
two surfaces can be described with the same value of R. 
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The data in Experiment S show that the plowed soil sur­
face had a higher roughness change than any of the secondary 
tillage treatments. The surface roughness change resulting 
from the secondary treatments showed a trend toward smoother 
surfaces as additional operations were performed. The sur­
face roughness created by PDH and PD2 were approximately the 
same. 
An analysis of variance performed on the data from each 
individual experiment showed there were significant differ­
ences between some of the treatments at the 99 percent level 
for Experiments B, C, D and E. No significant difference 
was found between any of the treatments at the 95 percent 
level for Experiments F and S. The sequential range test 
performed on the data for Experiments B, C, D and E showed 
significant differences at the 95 percent level between 
plowing and all of the secondary tillage operations. The 
analysis also showed significant differences between Treat­
ments PD1 and PD3 in Experiment B and between Treatments 
PD1 and PDH in Experiment E. 
When the data for Experiments B, C and D were combined, 
the analysis showed significant differences existed between 
Treatments P and all subsequent tillage treatments; PD1 and 
PD3; PD1 and PDH; and PD2 and PD3. The results of the 
statistical analysis on the surface roughness data are shown 
in Appendix D. The mean values of the roughness p.oeffioî«=>nt 
changes for each treatment using the data from only Experiment 
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B, C and D are shown graphically in Figure 18. The treat­
ment means for the combined data indicate that the change 
in the surface roughness was larger for the plowed soil 
than the roughness changes created by the secondary tillage 
treatments. Disking twice showed a slight decrease in the 
roughness change, and the third disking produced an addition­
al reduction. The harrowing treatment reduced the roughness 
change approximately the same amount as disking three times. 
Using the surface roughness index developed for this 
study, the data show that the plowed soil surface was 
rougher than any of the surfaces created by secondary til­
lage operations except when the plowing was done in the fall. 
A second and third disking created smoother surfaces than one 
disking except in the fall-plowed experiment. The harrowing 
operation produced a smoother soil surface than a second 
disking in four of the six experiments studied and by ap­
proximately the same amount as a second disking in the re­
maining two experiments. Some of the weathering effect on 
the fall-plowed soil was shown between Experiments F and S. 
There seems to be some slight variation shown in the 
results caused by the difference in soil moisture content 
when the tillage was performed. The mean moisture content 
of the soil when the tillage operations were performed has 
been given in Table 1. It can be seen in Figure 1? that the 
general trend was toward rougher surfaces as Experiments B, 
C and D were tilled and toward smoother surfaces in Experiment 
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Figure 18. Roughness coefficient changes as affected 
by tillage operations for Experiments B, 
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E. Experiment E was an irrigated plot. The moisture content 
was approximately at field capacity and equal to the moisture 
content of the soil in Experiment B. The consistency of 
the data in Experiments B, C, D and E and the difference 
between the roughness coefficient in these experiments com­
pared to F and S indicate that some difference in surface 
roughness caused by the tillage treatments is due to soil 
type but these differences could have been due to the 
initial soil conditions. One should recall that the initial 
soil moisture content on the tillage date did not vary widely 
and the experiments were not designed to study differences 
in the soil properties due to soil type and moisture content. 
The consistency of the results shown by Experiments B, 
C, D and E indicate that the results of surface roughness 
are repeatable, and the sensitivity of R to the changes in 
surface roughness indicate that R is a good index to show 
the degree of surface roughness. However, without the aid 
of a high speed computer, a roughness study using this rough­
ness coefficient would not be feasible. 
Soil Moisture 
The soil moisture content data were recorded for Experi­
ments B, C, D and E following the tillage operations. The 
data are shown in Appendix G, and the mean values of the 
percent soil moisture content change are summarized in 
Tables 9, 10, 11 and 12. The negative values for percent 
Talile 9. Mean soil moisture content of the 6-inch surface layer as affected by 
tillage operations on Experiment B 
Percent moisture content 
1962 
Treat- 2l21 7/27 7/29 7/31 8/2 8/4 
mer.t MC-,0 MC2b MC° MCg MC MCg MC MCg MC MCg MO 
c 25.9 23.8 -2.1 24.2 -1.7 22.1 -3.8 21.5 -4.4 21.3 -4.6 
p 25.7 24.9 -0.8 22.3 -3.4 21.6 -4.1 18.0 -7.7 21.6 -4.1 
PI)] 25.7 22.7 -3.0 21.4 -4.3 21.2 -4.5 20.7 -5.0 23.6 -2.1 
PDF 26.0 23.7 -2.3 24.1 -1.9 20.7 -5.3 20.0 -6.0 23.2 -2.8 
PD5: 27.9 25.3 -2.6 23.7 -4.2 20.9 -7.0 22.3 -5.6 21.0 -6.9 
PD; 25.5 25.8 +0.3 24.4 -1.1 22.7 -2.8 20.6 -4.9 22.4 -3.1 
aMoisture content before tillage. 
^Moisture content after tillage on date indicated. 
°Change in moisture content from MC^. 
Table 10. Mean soil moisture content of the 6-inch surface layer as affected by 
tillage operations on Experiment C 
Percent moisture content 
1962 
Treat­
ment 
7/30 8/1 8/3 8/5 8/7 8/9 
mc^a mc^ mc° mc2 mc mc2 mc mc2 mc mc2 mc 
c 24.8 23.5 -1.3 20.5 -4.3 20.7 -4.1 20.0 -4.8 20.1 -4.7 
p 26.4 23.0 -3.4 21.3 -5.1 21.6 -4.8 23.8 -2.6 24.2 -2.2 
pi)]. 25.9 23.0 -2.9 23.4 -2.5 22.4 -3.5 22.6 -3.3 22.9 -3.0 
pdh 25.4 21.2 -4.2 19.7 -5.7 19.8 —5.6 21.1 -4.3 22.4 -3.0 
pd;: 24.9 23.6 —1.3 21.9 -3.0 22.0 -2.9 21.0 -3.9 23.5 -1.4 
pd:; 24.5 22.5 -2.0 20.6 -3.9 22.5 -2.0 23.3 -1.2 22.7 -1.8 
^Moisture content before tillage. 
^Moisture content after tillage on date indicated. 
°Change in moisture content from MC^. 
Tatle 11. Mean soil moisture content of the 6-inch surface layer as affected by 
tillage operations on Experiment D 
Percent moisture content 
1962 
treat- qj2 8/2 8/11 8/1? 
mer.t MC^* MC2° MCc MCg MC MC2 MC MC2 MC MC2 MC 
c 22.7 21.0 -1.7 20.2 -2.5 19.2 -3.5 19.6 -3.1 19.2 -3.5 
p 22.0 21.6 -0.4 21.5 -0.5 19.2 -2.8 18.9 -3.1 20.1 -1.9 
PD1 19.3 19.3 0 21.2 +1.9 18.4 -0.9 19.9 +0.6 19.1 -0.2 
PDH 21.9 19.1 -2.8 20.2 -1.7 18.3 -3.6 19.7 -2.2 21.5 -0.4 
PD2 24.2 21.1 -3.1 21.8 -2.4 19.7 -4.5 20.6 -3.6 19.8 -4.4 
PD3 20.8 20.9 +0.1 21.8 •
 
O
 
19.7 -1.1 20.0 -0.8 21.0 -0.8 
^Moisture content before tillage. 
^Moisture content after tillage on date indicated. 
cChange in moisture content from MC^. 
Talile 12. Mean soil moisture content of the 6-inch surface layer as affected by 
tillage operations on Experiment E 
Percent moisture content 
1962 
Treat- &§L 8/10 8/12 8/1» 8/16 8/18 
mer.t MC1a MC2b MC° MCg MC MCg MC MCg MC MC2 MC 
C 27.4 25.5 -1.9 23.0 -3.4 29.8 -2.4 20.1 -7.3 20.4 -7.0 
p 26.9 24.4 -2.5 23.8 -3.1 23.8 -3.1 24.9 -2.0 21.9 -5.0 
PD] 26.8 25.9 —0.9 25.5 -1.3 23.1 -3.7 25.2 -1.6 23.4 -3.4 
PDIi 26.3 26.4 +0.1 25.0 -1.3 22.4 -3.9 24.6 -1.7 25.0 -1.3 
PD; 25.8 23.6 C
M 
.
 
CM 1 23.9 -1.9 24.6 -1.2 24.5 -1.3 23.8 -2.0 
PI>;I 27.3 26.4 -0.9 25.2 -2.1 25.6 -1.7 24.5 -2.8 23.1 —4.2 
aMoisture content before tillage. 
^Moisture content after tillage on date indicated. 
^Change in moisture content from MC%. 
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soil moisture content change show that the soil moisture 
content prior to tillage was higher than on the date the 
samples were taken. 
Figures 19, 20, 21 and 22 show graphically the percent 
soil moisture change for each experiment during the sampling 
period following the tillage operations. The moisture con­
tent changes presented in these figures are indicative of 
the moisture content of the different treatments. 
There were four light rains during the sampling period. 
The dates and the amount of precipitation are shown in 
Table 13. 
Table 13. Precipitation during the soil moisture sampling 
period following tillage on Experiments B, C, 
D and E 
Date Precipitation 
(1962) (inches) 
July 27 0.06 
August 3 0.14 
August 6 0.05 
August 9 0.03 
The data for Experiment B show in Figure 19 that some 
differences existed in the moisture content change on July 
27, 1962 which was 2 days after the tillage operations were 
performed. The range of the moisture contents of all of the 
treatments was approximately 3-1/2 percent. The range between 
the soil moisture content change found for the treatments 
did not decrease for the duration of the 10-day sampling 
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period. The variation of the moisture content of the samples 
taken from the plots varied more than that found between 
the treatments. This indicated that the variation found 
between the treatments was not necessarily due to the tili 
lage operations. However, it can be seen in Figure 19 that 
some similarity in soil drying rates seemed to exist in 
Experiment B between treatments F, PD2 and PD3. The data 
indicate soil in Treatments G, PD1 and PDH had drying rates 
similar to each other, but these drying rates were differ­
ent from the other treatments in the experiment. In Experi­
ments C, D and E, the range of soil moisture content changes 
shown in Figure 20, 21 and 22 was smaller than the maximum 
ranges determined for the plot samples. These results indi­
cate that the variation of soil moisture found between the 
treatments was not necessarily caused by the tillage treat­
ments on any of the experiments for which moisture data were 
obtained. 
Some similarity in drying rates between Treatments P, 
PDH and PD2 was indicated by the data on Experiment C. 
Likewise, in Experiment D the data indicated some similarity 
between Treatments PD1, PDH, PD2 and PD3. In Experiment E 
one can see that the control plot seemed to have dried to 
a lower soil moisture content by the end of the sampling 
period than any other treatment. It should be noted that 
between experiments the similarity between treatment drying 
rates was not consistent. 
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Since there was more variation between the plot samples 
than between the treatments and no consistent results were 
found between the experiments, the data indicate that the 
tillage treatments did not show much effect on the moisture 
content of the tilled soil during the sampling period. 
Soil Temperature 
Soil temperature data were recorded for approximately 
10 days following the tillage operations in Experiments A, 
B, G, D and E. Weather conditions hampered the collection 
of the temperature data on Experiments F and S; therefore, 
data were obtained on these experiments for only 4 days 
following tillage. 
The temperature data shown in Tables 56 through 6? in 
Appendix H are mean values of four temperature readings taken 
at randomly selected locations in each plot. Only the mean 
values are reported in these tables since a page of data 
was required for each day the temperatures were recorded on 
each experiment. The temperature data found in Appendix H 
are summarized in Tables 14 through 20. 
It can be seen in Table 14 that the soil temperature 
at both the 3- and 6-inch depths varied only slightly between 
any of the treatments studied in Experiment A. There was 
more variation between individual plots than between the 
treatments. For example, in Experiment A, the variation 
of the mean temperatures between treatments was 2.7 degrees 
97 
Table 14. Mean maximum daily soil temperature as affected 
by tillage operations in Experiment A 
Degrees Fahrenheit 
Treat- depth ^2 
ment (in.) 6/16 6/18 6/19 6/20 6/21 6/22 6/23 6/24 6/25 
c 3 78.7 80.8 82.1 81.7 80.5 79.5 82.9 85.4 81.8 
6 74.5 75.5 75.3 75.9 73.8 75.0 76.4 77.9 76.2 
p 3 77.2 79.6 84.1 80.4 79.4 80.3 83.0 88.1 85.1 
6 72.6 72.2 74.6 75.3 74.1 74.0 75.2 78.3 77.3 
PD1 3 76.7 77.5 83.1 81.3 79.9 79.3 82.1 86.5 83.3 
6 71.0 71.6 73.7 74.0 73.0 73.8 75.4 78.7 77.2 
PDH 3 79.4 79.8 86.7 82.8 82.4 81.5 83.5 89.2 86.2 
6 72.7 74.2 76.3 75.9 74.6 75.6 77.6 79.2 78.9 
PD2 3 77.3 78.9 85.0 81.1 80.3 82.7 83.5 87.0 84.8 
6 71.7 73.1 75.1 74.9 74.0 74.5 76.1 78.3 77.5 
PD3 3 77.9 79.3 84.3 82.0 80.7 80.3 84.3 88.7 86.3 
6 70.9 73.2 75.4 75.5 74.5 75.3 77.3 79.4 79.5 
Maximum 
Daily Air 
Temperature 
87 81 83 77 80 84 87 83 85 
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Table 15. Mean maximum daily soil temperature as affected 
by tillage operations in Experiment B 
Degrees Fahrenheit 
1962 Soil Treat- depth 
ment (in.) 7/26 7/27 7/28 7/29 7/30 7/31 8/1 8/2 8/3 
C 3 86.1 76.5 75.1 82.6 82.5 85.8 79.6 84.4 82.6 
6 80.5 74.5 70.4 76.7 77.4 78.2 74.2 79.2 78.4 
P 3 74.6 67.6 69.9 79.0 71.6 81.8 79.0 82.2 79.8 
6 71.6 66.8 68.0 73.5 68.6 74.6 71.4 75.2 75.2 
PD1 3 74.6 69.6 69.6 78.2 73.3 78.3 76.7 80.7 80.0 
6 72.3 69.1 69.0 73.4 70.6 73.0 72.4 74.4 73.8 
PDH 3 77.2 71.2 70.8 80.4 75.4 81.0 75.3 82.5 79.6 
6 73.4 69.9 69.6 73.8 71.8 74.2 74.3 75.6 75.2 
PD2 3 74.8 70.1 69.5 78.0 73.9 79.4 77.0 80.7 78.6 
6 72.6 69.9 69.2 73.0 71.4 73.6 72.2 74.2 73.6 
PD3 3 76.8 71.5 70.5 78.0 73.9 79.8 76.4 80.1 79.8 
6 74.2 70.2 69.3 72.1 74.1 74.1 72.5 75.0 74.8 
Maximum 
Daily Air 74 72 72 79 73 81 79 82 85 
Temperature 
99 
Table 16. Mean maximum daily soil temperature as affected 
by tillage operations in Experiment C 
Degrees Fahrenheit 
Treat­
ment 
depth 
(in.) 7/31 8/1 8/2 8/3 8/4 8/5 8/6 8/7 8/8 8/9 
C 3 86.5 80.6 86.4 82.5 87.1 80.8 80.4 87.6 90.2 85.3 
6 78.8 76.5 80.4 79.2 82.0 77.5 75.6 81.7 79.8 80.6 
P 3 77.3 73.6 79.2 77.3 80.6 76.1 76.4 81.4 81.4 76.9 
6 72.2 71.0 73.5 74.3 75.3 73.1 73.4 75.6 75.6 74.0 
PD1 3 77.1 74.6 79.3 76.8 80.8 76.3 76.7 80.5 83.0 77.1 
6 72.4 71.4 74.1 73.8 76.7 74.0 73.8 76.9 77.4 75.5 
PDH 3 79.1 75.4 80.7 77.8 83.2 76.5 75.2 79.4 83.6 78.0 
6 72.9 73.0 75.6 74.6 77.5 74.4 73.9 76.7 77.5 76.0 
PD2 3 78.5 73.8 78.6 76.8 80.6 76.7 75.4 81.2 83.2 78.0 
6 72.8 72.0 75.1 74.2 77.4 74.2 73.2 75.7 76.9 74.8 
PD3 3 78.1 74.7 79.8 77.7 81.0 76.0 75.8 79.8 82.6 79.5 
6 72.9 72.1 75.8 74.2 76.7 74.1 73.8 76.1 78.0 76.0 
Maximum 
Daily Air 
Temperature 
81 79 82 85 85 81 83 87 91 82 
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Table 17. Mean maximum daily soil temperature as affected by 
tillage operations in Experiment D 
Degrees Fahrenheit 
Treat­
ment 
depth 
(in.) 8/4 8/5 8/6 8/7 
-L 7V<-
8/8 8/9 8/10 8/11 8/12 8/13 
C 3 87.3 80.9 80.2 87.9 88.7 84.0 80.3 81.6 78.6 84.9 
6 80.8 77.7 77.0 -- 82.8 79.3 77.6 78.2 75.8 77.5 
P 3 83.7 79.2 77.9 80.0 87.0 79.4 75.2 77.0 73.1 77.0 
6 76.6 74.8 76.4 — 78.6 73.9 71.5 73.0 70.1 71.8 
PD1 3 83.0 77.8 78.8 83.9 85.8 80.5 75.9 77.7 73.7 77.8 
6 78.7 74.8 74.4 
— 
80.4 76.3 73.4 74.2 72.6 73.1 
PDH 3 83.7 77.9 77.8 82.2 87.6 80.9 76.8 77.8 75.3 79.2 
6 78.3 74.8 75-3 — 78.3 77.4 74.1 74.7 72.8 74.8 
PD2 3 84.0 76.6 77.7 81.4 85.8 79.8 76.1 77.8 74.6 79.4 
6 77.9 74.9 73.8 — 80.3 76.1 74.0 74.5 73.0 75.3 
PD3 3 82.6 77.3 78.3 83.4 87.1 81.2 77.2 77.9 74.4 79.2 
6 78.1 75.1 74.1 — —  80,5 76.0 74.8 74.9 72.9 73.8 
Maximum 
Daily Air 
Temperature 
85 81 83 87 91 82 80 84 75 78 
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Table 18 • Mean maximum daily soil temperature as affected 
by tillage operations in Experiment E 
Degrees Fahrenheit 
Soil -i 
Treat- depth =«= 
ment (in.) 8/10 8/11 8/12 8/13 8/14 8/15 8/16 8/17 8/18 8/19 
c 3 78.2 79.8 76.8 80.6 84.7 79.2 82.0 79.7 85.8 83.5 
6 75.0 75.7 74.2 78.1 78.0 75.9 76.5 76.4 79.0 79.5 
p 3 75.4 77.5 73.8 77-0 82.2 75.9 76.0 77.5 81.0 80.2 
6 72.2 74.2 70.4 71.8 72.7 72.6 69.7 71.4 74.6 76.7 
PD1 3 74.2 77.4 72.4 75.0 79.0 76.3 73.5 76.9 77.2 79.2 
6 72.8 73.9 71.2 71.8 74.9 72.5 72.6 72.8 75.6 74.8 
PDH 3 75.2 77.0 73.4 76.0 79.6 7 6.7 76.2 78.6 79.0 80.4 
6 73.4 74.5 71.5 72.8 76.2 74.0 72.4 74.2 74.8 77.2 
PD2 3 74.2 77.2 73.7 74.6 77.9 75.4 77.0 76.2 76.3 79.6 
6 73.1 74.8 71.8 72.0 74.8 73.6 72.2 72.6 75.0 75.8 
PD3 3 74.0 77.0 73.4 75.5 79.2 78.2 75.5 76.6 77.8 80.2 
6 72.5 73.9 71.6 72.2 75.0 73.7 72.8 73.6 74.5 76.2 
Maximum 
Daily Air 
Temperature 
80 84 75 78 79 86 81 78 83 90 
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Table 19. Mean maximum daily soil temperature at 3 and 6 
inches below the ground surface as affected by 
tillage treatments in Experiment F 
Soil 
depth 
Treatment (in.) 
Degrees Fahrenheit 
1963 
5/9 5/10 5/14 5/15 
3 
6 
72.1 
69.7 
65.5 71.6 
64.3 
65.7 
62.4 
3 
6 
69.9 64.7 70.6 65.2 
67.9 — 63.4 61.6 
PD1 
PDH 
3 
6 
3 
6 
66.8 
65.7 
60.7 70.2  
62.8 
65.5 
61.6 
68.5 62.6 68.1 64.8 
66.9 — 63.I 61.6 
PD2 3 
6 
68.0 62.3 68.8 64.7 
66.0 — 62.5 61.2 
PD3 3 
6 
68.3 62.7 69.6 65.I 
66.2 — 62.9 61.8 
Maximum 
Daily Air 
Temperature 
88 83 62 57 
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Table 20. Mean maximum daily soil temperature at 3 and 6 
inches below the ground surface as affected by 
tillage treatments in Experiment S 
Soil 
depth 
Degrees Fahrenheit 
1963 
Treatment (in.) 5/9 5/10 5/14 5/15 
C 3 71.4 65.7 67.3 65.3 
6 69.4 — 63.8 61.6 
P 3 64.1 58.4 69.8 65.I 
6 63.9 — 62.9 60.8 
PD1 3 65.8 58.9 69.1 64.7 
6 64.9 — 62.1 60.9 
PDH 3 67.0 60.1 69.7 65.4 
6 66.2 — 63.I 61.3 
PD2 3 66.3 60.0 69.5 65.1 
6 65.2 — 62.1 61.0 
PD3 3 67.4 60.7 70.3 64.9 
6 65.7 — 62.8 61.4 
Maximum 
Daily Air 
Temperature 
88 83 62 57 
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Fahrenheit and the maximum temperature variation shown 
between the plots in Table 56 found in Appendix H was 3.8 
degrees. 
The data in Tables 15» 16, 1? and 18 show the tempera­
ture at the 3- and 6-inch soil depths were generally warmer 
on the control plots than on the tilled plots in Experiments 
B, C, D and E. The variation of the temperature recorded 
within the plots was in excess of the temperature variation 
measured between tillage treatments. Similar variation 
results were found in the temperature data for Experiments 
F and S. The temperature data for Experiments F and S 
are summarized in Tables 19 and 20. The data in these 
tables show, in general, the soil temperatures recorded at 
the 6-inch depth were cooler and less variable than those 
recorded at the 3-inch depth. 
The results of the temperature data recorded in the 
study indicate that the tillage operations had little or 
no effect on soil temperature at the 3- or 6-inch depth. 
General Discussion 
The results of this study indicate that measurements 
of bulk density, clod size distribution and surface rough­
ness created by the tillage operations were effectively 
measured. In Figures 13, 15 and 1? the lower bulk densities, 
the larger mean weight diameters and the greatest surface 
roughness were found for the plowed soil in nearly all of 
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the experiments. This agreement between the data was logi­
cal since plowing usually leaves large air spaces and clods 
in the tilled layer which is conducive to forming a rough 
surface. In Experiment F the measurements showed a greater 
bulk density and a smoother surface. Approximately the 
same mean weight diameter was created by fall plowing and 
winter weathering compared to the secondary tillage treat­
ments performed in the spring in addition to fall plowing. 
These results were also logical since a winter weathering 
effect will settle soil and reduce the surface roughness. 
The data for Experiments B, C, D and E indicate, in 
general, the secondary tillage operations producsd slightly 
greater bulk densities and smoother surfaces as additional 
operations were performed. The clod size distribution data 
for these experiments were too erratic to indicate any trend. 
The bulk density, surface roughness and the clod size 
distribution data for Experiment A are in agreement except 
for the PDH treatment. The mean weight diameter of this 
treatment was high compared to the bulk density and rough­
ness measurement. In Experiment F the bulk density change 
and the surface roughness coefficient change were lower 
than that determined for the other treatments. These two 
measurements varied in almost an identical manner for the 
secondary tillage operations. The mean weight diameter data 
for Experiment F did not show such good agreement. 
The mean weight diameters found in Experiment S for all 
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treatments were less than those determined for Experiment 
F, but the bulk density changes and the roughness changes 
were larger. The bulk density change for the PDH treatment 
in Experiment S was less than the other tillage treatments. 
The roughness coefficient change was not less. There was a 
general trend toward greater bulk densities, smoother sur­
faces and smaller mean weight diameters as more tillage was 
performed in Experiment S. 
There was agreement shown between bulk density, mean 
weight diameter, and surface roughness for the combined data 
taken from Experiments B, C and D. Figures 14, 16 and 18 
show that the treatment means for bulk density, mean weight 
diameter and surface roughness changed in a similar manner 
for the various treatments. 
Neither the soil moisture nor temperature data showed 
differences which could be attributed to the tillage opera­
tions. Soil temperature is greatly dependent on the soil 
moisture; therefore, the temperature data were not expected 
to show differences when the soil moisture data did not show 
differences caused by tillage. 
Since the bulk density and surface roughness were re­
duced as additional secondary tillage operations were per­
formed, and the mean weight diameter did not show much re­
duction in all experiments except A, the data in this study 
indicate that a secondary tillage operation seems to re­
arrange the position of the clods and does not cause much 
10? 
reduction in clod size on some soils. In Experiment A, per­
formed on a Nicolette-Webster soil, the clod size did seem 
to be reduced as a result of secondary tillage. The con­
sistency of all the data for the experiments which were per­
formed on the same soil type shows that soil type differences 
seem to influence the results of the measurements more than 
the change in moisture content. 
The data shown in Experiments B, C, D and E for bulk 
density, clod size distribution and surface roughness indi­
cate that the results obtained from a specific experiment 
are repeatable. The surface roughness data were more repeat-
able than the bulk density or mean weight diameter data. 
In general, the data show that the surface roughness measure­
ment was more sensitive than either the bulk density or 
mean weight diameter. 
The results of the data obtained in this study show 
that this type of information can be beneficial toward deter­
mining the kind and amount of tillage to perform on a soil. 
For example, fall plowing created a higher bulk density and 
a smoother surface. Additional secondary tillage did not 
influence the clod size; therefore, if a crop thrives better 
on a more compact soil, and a smooth surface is desired for 
application of chemicals for weed control, nothing may be 
gained in performing tillage operations subsequent to fall 
plowing on certain soils. Complete information of this type 
would be desirable for various soil moisture contents and 
soil types. 
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LIMITATIONS OF THIS STUDY AND SUGGESTIONS 
FOR FUTURE RESEARCH 
This study was conducted using only three different 
types of tillage implements. The travel speed and adjust­
ments of the tools were kept constant for the experiments; 
therefore, their effect on the soil was not studied. The 
experiments were conducted on only three different soil 
types and were not designed to determine conclusive results 
caused by soil type, soil moisture content or tillage dates. 
The results of this study indicate that bulk density, 
clod size and surface roughness do have some correlation 
with each other caused by tillage. The author suggests that 
a long range research program should be developed to fur­
ther study and determine these physical changes for all 
basic tillage implements on different soils at various 
moisture contents on various dates through the growing 
season of crops. The data found in this study indicate that 
the soil moisture content and temperature did not vary with 
respect to the tillage treatment. Thus, knowledge of the 
effect of tillage done between the wilting point and field 
capacity on these characteristics throughout the growing 
season is desirable. 
A long range research program should include research 
in developing better methods for the determination of the 
soil properties and characteristics. The following areas 
of research are suggested: 
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1. New and better methods need to be developed for 
obtaining undisturbed soil samples to be used for deter­
mining clod size distribution. 
2. The rotary sieve should be studied in detail and 
further developed to sieve the entire sample taken from the 
field at a fast rate. 
3. Fast and accurate methods for determining soil surface 
profiles should be pursued. 
4. The roughness coefficient used in this study should 
be further investigated to determine specifically the proper 
probe spacings required to describe the surface roughness 
existing in tilled soil. 
5. The possibility of the use of similitude in study­
ing the effects of tillage implements on soil conditions 
should be investigated. 
6. The energy requirements for the various tillage 
implements should be studied in relation to soil physical 
measurements. 
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SUMMARY AND CONCLUSIONS 
The use of tillage implements has- been and is still 
being governed largely by estimation based on past experi­
ences. Progress in tillage research has been greatly 
hindered by the presence of so many variables in the soil 
and weather conditions. Thus, literature today does not 
contain a sufficient amount of information to characterize 
a soil in a manner which assures optimum production or to 
predict physical results which can be expected from the use 
of tillage tools. 
The purpose of this study was to determine the influence 
of certain tillage implements and operations on the bulk 
density, clod size distribution and surface roughness; to 
determine the moisture and temperature fluctuations follow­
ing the different tillage operations; and to determine if the 
methods applied in this study can be used effectively to 
evaluate the effect of tillage tools on physical features 
of the soil. 
The tillage tools used in this study were a moldboard 
plow, disk harrow and a spike tooth section harrow. Five 
tillage treatments consisting of different combinations of 
these tools were studied. Measurements were made to deter­
mine the influence of the tillage operations on bulk density, 
mean weight diameter, surface roughness, soil moisture and 
J —_ T^L. _ *1 1 _ J— . % _ . . - I • •  ^
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operations were determined with 3-inch diameter undisturbed 
soil cores and surface profile data. The surface profile 
data ware determined with a mechanical surface profile meter. 
A rotary sieve was used for separating soil samples to deter­
mine clod size distribution expressed in terms of mean weight 
diameter. A surface roughness coefficient computed from the 
surface profile data was developed for this study. The rough­
ness coefficient was based on surface slope changes. Soil 
moisture and temperature fluctuations were recorded for 
10-day periods following the tillage treatments. 
The following conclusions can be drawn from this study: 
1. The methods employed in this study for making field 
measurements can be used effectively to evaluate the effect 
of tillage implements on the soil physical properties and 
characteristics studied. 
2. The surface roughness coefficient developed for this 
study was a sensitive index for describing the degree of 
surface roughness of tilled soil. 
3. Plowing created the lowest bulk density, the largest 
mean weight diameter and the roughest surface when the pri­
mary and secondary tillage operations were done with a minimum 
time lapse between operations. 
4. A harrowing operation performed in addition to plow­
ing and one disking seemed to be as effective on bulk density, 
mean weight diameter and surface roughness as disking two and 
uiii oc v x tiib S * 
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5. The tillage treatments aid not materially affect the 
soil moisture and temperature fluctuations during the samp­
ling period. 
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Appendix A: Bulk Density Computer Program 
BULK DENSITY PROGRAM HOUSTON LUTTRELL, 1963',SEE U0209L FOR COMMENTS U0209L 
THE FOLLOWING NUMBERS IN COL. 80 CONTROL THE FLOW OF DATA 
0 WITHIN AN EXPT. 1 BETWEEN EXPTS WITHIN A COMPARISON 
4 BETWEEN COMPARISONS 5 END OF CARDS 
DIMENSION J8(9),J9(10),IP(81), ADEL(30,6) ,ELEVI(7,6),BDELC30 U0209L 
1,6),ELEV2(7,6),BD1(7,6),TRET1(7,6),I REP(6),CDEL(7,6),DDEL(30,6),BD U0209L 
22(30,6),DBD(30,6),DBDP(30,6),EXPT1(2),IP1C81) U0209L 
READ INPUT TAPE 1,300,(J8(J),J=1,9) U0209L 
READ INPUT TAPE 1,300,(J9(J),J=l,10) U0209L 
300 FORMAT{5(5X,110)) 
1 2 = 1  
4 15=0 U0209L 
6 17=0 U0209L 
8 16=1 U0209L 
9 14=1 U0209L 
10 11=1 U0209L 
12 13=1 U0209L 
14 M3=27 U0209L 
M2=l U0209L 
3 DDI Ml=l» 3 U0209L 
READ INPUT TAPE 1,5,ICNO,EXPT,REP,TREAT,IPRNO,R,E,G,N,BD, (IP(M),I 
lPl(M) ,M=M2,M3),NO 
5 FORMAT(I 1,1A2,F1.0,1A3,11,F2.0,F6.2,F3.0,I 2,F4.2,27(11,1Al),II) 
M2=M2+27 U0209L 
M3=M3+27 U0209L 
IF tICNO-Ml)15,17,15 U0209L 
15 WRITE OUTPUT TAPE 2,16,EXPT,REP,TREAT,IPRNO 
16 FORMAT(20H CARD OUT OF ORDER ,4HEXPT,A2,4H REP,F3.0,11H TREATMENT U0209L 
1,2X,A3,2X,7HPR0FILE,121 
STOP U0209L 
17 IF CIPRNO-I3)18,1,18 U0209L 
18 WRITE OUTPUT TAPE 2,19,EXPT,REP,TREAT,IPRNO 
19 FORMAT(30H PROFILE NUMBER OUT OF ORDER ,4HEXPT,A2,4H REP,F3.O,10H U0209L 
ITREATMENT,2X,A3,2X,7HPR0FILE,12) 
STOP 
1 
20 
22 
23 
24 
2 1  
26 
25 
28 
29 
30 
31 
36 
32 
34 
35 
37 
CONTINUE 
IF(NO-O)21,22,21 
IF(12-1)23,24,23 
EXPT1(2)= EXPT 
GO TO 21 
EXPT1{1)=EXPT 
IF(NO-1)25,26,25 
12=2 
GO TO 8 
IFtNO-4130,28,29 
17=1 
12=1 
GO TO 90 
15=1 
GO TO 90 
D045 J=1,N 
1 = 1 
IF(I PI(J)-J8(I))32,33,32 
IF C1-9)34,35,34 
1 = 1 + 1 
GO TO 36 
K= 1 
IFIIPI(J)—J9(K)138,39,38 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
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U0209L 
U0209L 
U0209L 
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54 13=13+1 
GO TO 14 
55 TRET1(I4,I6)=TREAT 
IF(I4-5)56,57,56 
56 14=14+1 
GO TO 12 
57 IREP(16)=REP 
1 6 = 1 6 + 1  
GO TO 9 
90 D092 17=1,4 
D092 18=1,5 
92 CDEL(18,I7) = (ELEV2(18,I7)-ELEV1( 18,17))*(960.0)«(2.54)*2.54 
DO 94 110=1,4 
112=4 
1 1 1  =  1  
D094 19=1,20 
DDEL(I9,I10)=ADEL(I9,I10)-BDEL(19,I10)+CDEL(111,110) 
97 BD2(I9,I10)=(BDl(Ill,I10)*15.24)/(15.24+DDEL(I9,I10)/203.2) 
DBD(19,110) = BD1(I 11,I10)-BD2(19,110) 
DBDP(19,110) = C DBD(19,110)* 100.0)/BD1(111,110) 
IFI 112-19)94,96,94 
96 112=112+4 
111=111+1 
94 CONTINUE 
L5=0 
14=0 
D0206 Kl = l»4 
L6=l 
L 1 = 1 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
H 
m 
f 
REP TREAT 
B.D.I///) 
PROFIL 
L3=4 
D0206 L2=l,20 
IFIL4-L5)198,199,198 
199 WRITE OUTPUT TAPE 2,200 
200 FORMAT(108H1EXPT BFR TILLAGE EXPT AFR TILLAGE 
IE NO B.D. CHANGE PERCNT B.D. CHANGE B.D.2 
L4=L4+50 
198 IF1L3—L2-3)221,201,221 
201 WRITE OUTPUT TAPE2,202,EXPT1(1),EXPT1(2),I REP(K1),TRET ICL1,K1),L6, 
1DBD(L2,K1),DBDP(L2,K1),BD2(L2,K1),BD1(L1,K1) 
202 FORMAT(8X,A2,16X,A2,11X,11,3X,A3,8X,11,10X,F6.3,9X,F7.2,8X,F5.3,3X 
1 » F5.3) 
GO TO 212 
221 IF(L3-L2)209,204,209 
209 WRITE OUTPUT TAPE 2,208,L6,OBD(L2,K1),DBDP(L2,K1),BD2(L2,K1) 
208 FORMAT(54X,I1,10X,F6.3,9X,F7.2,8X,F5.3) 
GO TO 212 
204 WRITE OUTPUT TAPE 2,205,L6,DBD(L2,K1),DBDP(L2,Kl),BD2(L2,K1) 
205 FORMAT(54X,11,10X,F6.3,9X,F7.2,8X,F5.3/) 
L5=L5+5 
207 L1=L1+1 
L3=L3+4 
212 IF(L6-4)210,211,210 
211 L6=1 
GO TO 206 
210 L6=L6+1 
206 CONTINUE 
IF(15-1)100,101,100 
100 IF(17-1)8,6,8 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
H 
ro 
Vx 
1 STOP 
END 
7100000000 
7600000000 
9100000000 
9600000000 
U0209L 
7200000000 7300000000 7400000000 7500000000 J8-1 
7700000000 7800000000 7900000000 OOOOOOOO J8-2 
9200000000 9300000000 9400000000 9500000000 J9-1 
9700000000 9800000000 9900000000 9000000000 J9-2 
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Appendix BÎ Surface Roughness Coefficient 
Computer Program 
C HOUSTON LUTTRELL,ROUGHNESS PROGRAM,1963,N0=0 WITHIN AN EXPT,NO=l U0209L 
C BETWEEN EXPTS WITHIN A COMPARSION, NO=2 BETWEEN COMP, NO=3 END U0209L 
DIMENSION J8 19),J9(10),IP(81),IP1(81),EXPT1(2),IREP1(4),TRET1(4,5) U0209L 
1,IR1(4,20),IR2(4,20),IR3(4,20),IRIO(4,20),IR20(4,20) ,JRI(4,20),JR2 U0209L 
2(4,20),JR3(4,20),JR10(4,20),JR20(4,20),ITIR(4,20),ITJR(4,20),IDTR( U0209L 
34,20),IMDTR(4,5) U0209L 
READ INPUT TAPE 1,700,[J8(J),J=l,9) U0209L 
READ INPUT TAPE 1,700,(J9(J),J=l,10) U0209L 
700 FORMAT(5(5X,I10)) U0209L 
107 Jl=l U0209L 
Ll=l U0209L 
190 K3=0 U0209L 
13=1 U0209L 
K2=1 U0209L 
16=1 U0209L 
15=1 U0209L 
300 M3=27 U0209L 
M2=1 U0209L 
DO 307 Ml=l,3 U0209L 
READ INPUT TAPE 1,301,ICNO,EXPT,REP,TREAT,IPRNO,R,E,G,N,BD,(IP(M), U0209L 
1IPl(M),M=M2,M3),N0 U0209L 
301 FORMAT(I 1,1A2,F I.0,1 A3,11,F2.0,F6.2,F3.0,I 2,F4.2,27(11,1A1),11) U0209L 
M2=M2+27 U0209L 
M3=M3+27 U0209L 
IF(ICN0-M1)302,304,302 U0209L 
302 WRITE OUTPUT TAPE 2,303,EXPT,REP,TREAT,IPRNO U0209L 
303 FORMAT(20H CARD OUT OF ORDER ,4HEXPT,A2,4H REP,F3.0,11H TREATMENT U0209L 
1,2Xt A3 « 2X,7HPR0FI LE, 12) U0209L 
STOP U0209L 
H 
to 
00 
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J7 = 1 
J 10=4 
D0208J 5=1 » 4 
00208J11=1,5 
ISUM=0 
D0206J6=J7,J10 
206 ISUM=ISUM+IDTR(J5,J6) 
IMDTR{J5,J11 ) = I SUM/4 
IF(J10-20)210,211,211 
210 J7=J7+4 
J10=J10+4 
GO TO 208 
211 J7=l 
J10=4 
208 CONTINUE 
DO 258 J5=1 » 4 
Jll = l 
WRITE OUTPUT TAPE 2,250 
250 FORMATt118H1BFR TILL AFR TILL REP TRT 
1 R3 RIO R20 SUM R BFR SUM R 
2) 
J12=l 
D0258J6=1 » 20 
WRITE OUTPUT TAPE 2,251,EXPT1(1),IREP1(J5),TRET1(J5,J11),J12,IR1(J 
15,J6),IR2(J5,J6),IR3(J5,J6),I RIOtJ5,J6),IR20(J5,J6),ITIR{J5,J6) 
251 FORMAT(4X,A2,16X,I1,3X,A3,5X,I1,6X,I5,3X,I5,3X,I5,3X,I5,3X,15,4X,I 
15) 
GO TO (254,254,254,255),J12 
254 WRITE OUTPUT TAPE 2,252,EXPT1(2),IREP1(J5),TRET11 J5,J11),J12 , JR1(J 
PROFILE 
AFR R DEL 
R1 
R 
R2 
MEAN/// 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
H 
V) 
os 
15, J6) ,.JR2( J5, 
2R(J5,J6),IDTR 
252 FORMAT(14X»A2 
1I5,5X,15) 
GO TO 259 
255 WRITE OUTPUT 
15, J6 ) ». JR 2 ( J 5 , 
2R(J5,J6),IDTR 
253 FORMAT(14X,A2 
115,5X » I 5 » 5X, I 
J11=J11+1 
259 IF(J12—4)256, 
256 J12=J12+1 
GO TO 258 
257 J12=l 
258 CONTINUE 
GO TO 107 
109 STOP 
END 
7100000000 
7600000000 
9100000000 
9600000000 
J6),JR3tJ5,J6), 
(J5, J6) 
,6X,I1,3X,A3,5X 
TAPE 2,253,EXPT 
J6),JR3(J5,J6), 
(J5,J6),IMDTR(J 
,6X,I1,3X,A3,5X 
5 ///) 
257,257 
JR10U5, J6) , JR20t 
, I1,6X,I5,3X,I5,3X,I5,3X,I5, 
1(2),IREP1(J5),TRET1(J5,J11) 
JR10(J5,J6),JR20I 
5,Jll) 
,I1,6X,I5',3X,I5,3X, I5,3X,I5, 
7200000000 
7700000000 
9200000000 
9700000000 
7300000000 
7800000000 
9300000000 
9800000000 
7400000000 
7900000000 
9400000000 
9900000000 
J5,J6),ITJ U0209L 
U0209L 
3X,15,14X, U0209L 
U0209L 
U0209L 
,J12,JRI IJ U0209L 
J5,J6),ITJ U0209L 
U0209L 
3X,I 5,14X, U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
U0209L 
7500000000 J8-1 
00000000 J8-2 
9500000000 J9-1 
9000000000 J9-2 
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Appendix C: Data for Bulk Density Determinations 
Table 21. Mean bulk density changes as affected by tillage operations 
Grams per cubic centimeter 
Treat- Repli- Experiment 
merit cation ABODE 
p 1 0.304 0.4050 0.2800 0.3247 0.2477 0.0270 0.3187 
p 2 0.320 0.4010 0.3785 0.4087 0.3540 0.1575 0.3650 
p 3 0.268 0.2905 0.2942 0.3390 0.3162 0.1250 0.2355 
p 4 0.313 0.4050 0.3072 0.3762 0.3510 0.2130 0.3257 
PD1 1 0.270 0.3570 0.3132 0.1962 0.2902 0.1212 0.3107 
PD1 2 0.280 0.3320 0.2842 0.1950 0.1167 0.2187 0.3617 
PD1 3 0.243 0.3587 0.2800 0.3447 0.1937 0.2680 0.2420 
PD1 4 0.237 0.3391 0.2955 0.2817 0.1917 0.2317 0.3427 
PDH 1 0.140 0.3280 0.3272 0.2765 0.3667 0.0082 0.2275 PDF: 2 0.238 0.2967 0.2755* 0.2706® 0.1832 0.1590 0.2410 PDI: 3 0.004 0.3057 0.2735 0.2215 0.0855 0.2715 0.1757 
PDi: 4 0.081 0.2340 0.2355 0.4215 0.0975 0.2755 0.2402 
PDî 1 0.308 0.3195 0.3692 0.2295 0.2462 0.1145 0.2700 
PD2 2 0.138 0.2965 0.2025 0.2187 0.1475 0.1422 0.3305 PD2 3 0.108 0.2937 0.3005 0.2410 0.2980 0.2377 0.2460 
PD2 4 0.183* 0.3003 0.3295 0.2870 0.2622 0.3365 0.3025 
PD' 1 0.144 0.2642 0.3347 0.2040 0.2450 0.0272 0.3065 
PDj: 2 0.141* 0.3242 0.3190 0.1975 0.0953 0.0945 0.3262 
PD; 3 0.075 0.3440 0.2385 0.2942 0.1427 0.2337 0.1967 
PD; 4 0.182 0.3047 0.2492 0.1902 0.1842 0.2487 0.1895 
^Estimated data according to Snedecor (37)• 
Table 22. Bulk density as affected by tillage operations on Experiment A 
Pro- Replication 1 Replication 2 Replication 3 Replication 4 
Treat- file BD^a g^b &BDC BD^ BD2 AbD BD^ BD2 à BD BD^ BD2 ABD 
——— C. . . . I . . .  .  
Grams per cubic centimeter 
p 1 1 .221 1,016 0.205 1.165 0.850 0,314 1 
00 00 H
 ,
 0,964 0,224 1.101 0,759 0.342 
p 2 II 0.842 0,379 tl 0,935 0.229 it 0,910 0.278 n 0,786 0.315 
p 3 II 0.937 0.284 ft 0.782 0,382 M 0.905 0.283 it 0,811 0.290 
p 4 tl 0.873 0.348 tl 0.808 0,356 It 0.901 0.287 •t 0,794 0.307 
PD1 1 1 .273 0.968 0.305 1.250 0.934 0.316 1 ,241 0.984 0.257 1.142 0.790 0.352 
PD1 2 If 1.056 0.217 II 1.025 0,225 n 0.959 0.282 tl 0.859 0.283 
PD1 3 M 0.941 0.332 ft 1.003 0.247 n 1.069 0.172 tt 1.031 0.111 
PD1 4 II 1.044 0.229 tl 0.916 0,334 # 0.977 0.264 tl 0.937 0.205 
PDH 1 1 .282 1.120 0.162 1.286 1.100 0,186 1 • 182 1.148 0.034 1.149 0.997 0,152 
PDH 2 II 1.111 0.171 II 1.124 0,162 « 1.179 0.003 M 1.023 0,126 
PDH 3 II 1.126 0.156 II 0.998 0,288 11 1.228-0.046 tl 1.139 0,010 
PDH 4 n 1.208 0.074 It 0.967 0,319 * 1.159 0.023 II 1.113 0,036 
PD2 1 1 .24? 0.936 0.311 1.098 1.026 0.072 1 .117 1.045 0.072 1.072 A 
PD2 2 H 0.942 0.305 tl 1,013 0.085 tt 1.050 O.O67 tt mm #* 
PD2 3 tt 0.930 O.317 ft 0.889 0.205 « 1.046 0.071 tt _ _ _ 
PD2 4 n 0.947 0.300 It 0.911 0.187 tt 0.920 0.197 tt 
— — — — — — 
PD3 1 1 .213 1.125 0.088 1.239 1.176 0.063 1 • 114 1.128 0.993 0.135 
PD3 2 n 0.975 0.238 M 1.104 0.135 11 M 0.895 0.233 
PD3 3 tt 1.010 0.203 If 1.131 0.108 tt *••••» W WEE tt 1.012 0.116 
PD3 4 tl 1.165 0.048 ft 0.979 0.260 tt • It 0.882 0.246 
aBulk density prior to any tillage. 
bBulk density after tillage. 
°Bulk density change. 
^Missing data. 
Table 23. Bulk density as affected by tillage operations on Experiment B 
Pro- Replication 1 Replication 2 Replication 3 Replication 4 
Treat- file BD a BD b à BDC BD Bn A BD BD. BD0 A BD BD, BD0 A bd 
meut no. 12 12 12 12
Grams per cubic centimeter 
p 1 1 .280 1.011 0.269 1 .270 0.870 0.400 1 .230 0.960 0.270 1 .220 0.795 0.425 
p 2 ft 1.780 0.500 tt 0.910 0.360 tt 0.932 0.298 It 0.910 0.310 
p 3 ft 0.799 0.481 tt 0.826 0.444 tt 0.833 0.397 tt 0.739 0.481 
p 4 It 0.909 0.371 tt 0.870 0.400 tl 1.033 0.197 II 0.816 0.404 
PD: 1 1 .260 0.940 0.320 1 .330 0.950 0.380 1 
0
 
-
3" CM .
 
0.869 0.371 1 .230 0.912 0.318 
PD:. 2 M 0.940 0.320 tt 1,037 0.293 11 0.824 0.416 tt 0.967 0.263 
PD:. 3 M 0.905 0.355 tt 1.037 0.293 M 0.986 0.254 II 0.920 0.310 
PD:. 4 M 0.828 0.432 M 0.968 0.362 M 0.846 0,394 II 0.886 0.344 
PDH 1 1 .150 0.884 0.266 1 • 240 0.924 0.316 1 .090 0.779 0.311 1 .090 0.866 0.224 
PDH 2 M 0.743 0.407 tt 1.033 0.207 tt 0.793 0.297 tt 0.894 0.196 
PDH 3 II 0.811 0.339 tt 0.981 0.259 tt 0.786 0.304 tl 0.840 0.250 
PDH 4 II 0.850 0.300 tt 0.835 0.405 tt 0.779 0.311 II 0.824 0.266 
PDî: 1 1 .200 0.889 0.311 1 .
 
H
 
M
 
O
 
0.753 0.357 1 .150 0.906 0.244 1 .130 0.799 0.311 
PDI: 2 ii 0.856 0.344 II 0.894 0.216 II 0.879 0.271 M 0.854 0.276 
PDî: 3 n 0.880 0.320 M 0.766 0.344 II 0.854 0.296 M 0.846 0.284 
PD: 4 u 0.897 0.303 M 0.841 0.269 M 0.786 0.364 M 0.854 0.276 
PD; 1 1 .250 0.970 0.280 1 .370 1.024 0.346 1 .090 0.718 0.372 1 .110 0.808 0.302 
PD;: 2 II 0.960 0.290 n 1.044 0.326 M 0.757 0.333 II 0.831 0.279 
PD: 3 II 1.043 0.207 n 1.005 0.365 M 0.778 0.312 M 0.823 0.287 
PD;: 4 II 0.970 0.280 M 1.110 0.260 M 0.731 0.359 n 0.831 O.279 
aBulk density prior to any tillage. 
^Bulk density after tillage. 
°Bulk density change. 
Table 24. Bulk density as affected by tillage operations on Experiment C 
Pro- Replication 1 Replication 2 Replication 3 Replication 4 
Treat- file BD a BD b abDc BD, BD« à BD BD, BD0 ABD BD, BD« A BD 
ment no. i 2 l 2 1 2 1 ^ 
Grams per cubic centimeter 
p 1 1 .200 0.950 0.250 1 .310 0.898 0.412 1 .000 0.673 0.327 0 ,990 0.678 0.312 
p 2 II 0.887 0.313 tl 0.967 0.343 tl 0.703 0.297 m 0.660 0.330 
p 3 II 0.862 0.338 tl 0.757 0.553 tl " 0.673 0.327 M 0.703 0.287 
p 4 tl 0.981 0.219 II 1.104 0.206 II 0.774 0.226 tt 0.690 0.300 
PD] 1 1 .190 0.922 0*268 1 .190 0.881 0.309 1 • 010 0.712 0.298 1 .060 0.758 0.302 
PD] 2 II 0.886 0.304 II 0.926 0.264 tl 0.784 0*226 tt 0.803 0.257 
PD] 3 M 0.787 0.403 tl 0.908 0.282 tl 0.712 0.298 tt 0.731 0.329 
PD] 4 II a. 912 0.278 tl 0.908 0.282 tt 0.712 0.298 II 0.766 0.294 
PDF 1 1 .260 0.928 0.332 1 
0
 
-
d -CVJ .
 
0.577 0.663 1 •090 0.785 0.305 1 .300 1.117 0.183 
PDF 2 « 0.946 0.314 11 0.622 0.618 II 0.800 0.290 tl 1.036 0.264 
PDF 3 n 0.955 0.305 tt 0.603 0.637 II 0.832 0.258 tt 1.058 0.242 
PDF 4 « 0.902 0.358 11 0.595 0.645 tt 0.849 0.241 tl 1.047 0.253 
PD£ 1 1 .160 0.773 0.387 1 .250 0.930 0.320 1 .260 0.957 0.303 1 .260 0.935 0.325 
PDZ 2 » 0.766 0.394 11 1.166 0.084 tt 0.957 0.303 II 0.918 0.342 PD: 3 M 0.801 0.359 n 1.075 0.175 tt 0.976 0.284 n 0.876 0.384 
PD: 4 II 0.823 0,337 11 1.019 0,231 II 0.948 0,312 11 0.993 0.267 
PD' 1 1 .210 0.881 0.329 1 .610 1.239 0.371 1 .100 0.857 0.243 1 .180 0.916 0.264 
PD- 2 M 0.898 0.312 tt 1.215 0,395 II 0.866 0.234 M 0.916 0.264 
PD: 3 II 0.857 0.353 tt 1.392 0.218 tt 0.866 0.234 tl 0.965 0.215 
PD' 4 II 0.865 0.345 tt 1.318 0.292 II 0.857 0.243 II 0.926 0.254 
aBulk density prior to any tillage. 
bBulk density after tillage. 
cBulk density change. 
Tatle 25 . Bulk density as affected by tillage operations on Experiment D 
Pro- Replication 1 Replication 2 Replication 3 Replication 4 
Treat- file BDa BD b ABD° BD, BD0 ABD BD, BD0 ABD BD, BD0 ABD 
ni© n. u no • ^ ^ l ^ l & 
* 
Grams per cubic centimeter 
p 1 1 .200 0.904 0.296 1.530 1.133 0.397 1 .330 0.971 0.359 1.350 0.943 0 
-
d-
.
 
O
 
p 2 II 0.913 0.287 n 1.052 0.478 « 1.019 0.311 tt 0.902 0.448 
p 3 tt 0.789 0.411 n 1.122 0.408 it 0.879 0.451 tt 1.139 0.211 
p 4 tt 0*895 0.305 it 1.178 0.352 tt 1.095 0.235 It 0.910 0.440 
PD1 1 1 .100 0.962 0.138 1.340 1.099 0.241 1 .200 0.849 0.351 1.360 0.977 0.383 
PD1 2 II 0.847 0.253 II 1.147 0.193 n 0.834 0.366 tt 0.901 0.459 
PD1 3 « 0.822 0.278 tt 1.160 0.180 M 0.873 0.327 tt 0.917 0.443 
PD1 4 M 0.984 0.116 It 1.174 0.166 II O.865 0.335 II 0.959 0.401 
PDH 1 1 .320 0.965 0.355 1.060 0.511 0.549 1 .150 0.827 0.323 1.370 1.013 0.357 
PDH 2 II 0.956 0.364 « 0.505 0.555 It 0.876 0.274 « 1.108 0.262 
PDH 3 It 1.164 0.156 « 0.524 0.536 N 0.994 0.156 tt 1.075 0.295 
PDH 4 tl 1.089 0.231 M 0.481 0.579 tt 1.017 0.133 n 1.157 0.213 
PD2 1 1 .090 0.858 0.232 1.030 0.842 0.188 1 .140 0.848 0.292 1.280 1.116 0.164 
PD2 2 II 0.894 0.196 It 0.816 0.214 n 0.900 0.240 11 0.983 0.297 
PD2 3 II 0.832 0.258 II 0.762 0.268 tt 0.919 0.221 tt 0.928 0.352 
PD2 4 II 0,858 O.232 II 0.825 0.205 n 0.929 0.211 tt 0.945 0.335 
PD3 1 1 .230 1.045 0.185 1.240 1.031 0.209 1 .180 0.874 0.306 1.330 1.087 0.243 
PD3 2 It 1.034 0.196 11 1.077 0.163 u 0.858 0.322 n 1.123 0.207 
PD3 3 ft 0.991 0.239 n 1.020 0.220 n 0.874 0.306 it 1.148 0.182 
PD3 4 It 1.034 0.196 11 1.042 0.198 n 0.937 0.243 11 1.201 0.129 
*Bulk density prior to any tillage. 
^Bulk density after tillage. 
°Bulk density change. 
Table 26• Bulk density as affected by tillage operations on Experiment E 
Pro- Replication 1 Replication 2 Replication 3 Replication 4 
Treat- file BD a BD b àBJ)c am BD-, • BDo aBD BD-ÏBD% ABD 
men;; no. 1 d l i <l l d 
Grams per cubic centimeter 
p 1 1 .210 1.070 0.140 1 .190 0.803 0.387 1 .240 0.910 0.330 1 .280 0.843 0.437 
p 2 ft 0.970 0.240 II 0.914 0.276 II 0.919 0.321 II 0.922 0.358 
p 3 II 0.88? 0.323 II 0.810 0.380 II 0.965 0.275 II 0.913 0.367 p 4 ft 0.922 0.288 II 0.817 0.373 II 0.901 0.339 •1 1.038 0.242 
PD1 1 1 .230 0.922 0.308 1 .350 1.295 0.055 1 .290 1.032 0.258 1 .320 1.025 0.295 
PD1 2 If 0.887 0.343 II 1.248 0.102 u 1.100 0.190 II 1.102 0.218 
PD1 3 II 1.000 0.230 II 1.263 0.087 n 1.088 0.202 II 1.179 0.141 
PD1 4 II 0.950 0.280 II 1.127 0.223 » 1.165 0.125 II 1.207 0.113 
PDH 1 1 .310 0.934 0.376 1 
0
 
CO on 
•
 1.162 0.218 1 .320 1.190 0.130 1 .280 1.052 0.228 
PDH 2 91 0.970 0.340 II 1.273 0.107 n 1.249 0.071 II 1.041 0.239 
PDH 3 31 0.917 0.393 II 1.137 0.243 n 1.280 0.040 II 0.979 0.301 
PDH 4 II 0.952 0.358 II 1.215 0.165 n 1.219 0.101 II 0.999 0.281 
PD2 1 1 .200 0.994 0.206 1 .470 1.309 0.161 1 .260 0.971 0.289 1 .350 1.143 0.207 
PD2 2 II 0.915 0.285 II 1.390 0.080 u 0.952 0.308 II 1.195 0.155 
PD2 3 II 0.933 0.267 II 1.325 0.145 n 0.934 0.326 II 1.130 0.220 
PD2 4 II 0.973 0.227 II 1.266 0.204 it 0.991 0.269 II 1.195 0.155 
PD3 1 1 .220 0.945 0.275 1 .210 1.121 0.089 1 .310 1.221 0.089 1 .350 1.143 0.207 
PD3 2 ti 0.965 0.256 n 1.134 0.076 n 1.207 0.103 II 1.195 0.155 
PD3 3 n 1.027 0.193 II 1.082 0.128 n 1.152 0.158 II 1.130 0.220 
PD3 4 n 0.965 0.256 II 1.121 0.089 n 1.089 0.221 II 1.195 0.155 
aBulk density prior to any tillage. 
bBulk density after tillage. 
°Bulk density change. 
Table 27. Bulk density as affected by tillage operations on Experiment F 
Pro- Replication 1 Replication 2 Replication 3 Replication 4 
Treat- file BD a BD b A BDc BD BD?? ABD BD, BD9 ABD BD, BDo ABD 
mer.t no. 1 tL 1 ^ id 1 
Grams per cubic centimeter 
p 1 1 .080 0.982 0.098 1 .240 1.103 0.137 1 .100 0.924 0.176 1 .250 1.096 0.154 
p 2 tl 1.144-0.064 II 1.054 0.186 II 0.997 0.103 II 1.096 0.154 
p 3 II 0.982 0.098 II 1.070 0.170 II 0.966 0.134 II 1.004 0.246 
p 4 II 1.104-0.024 II 1.103 0.137 II 1.013 0.087 II 0.952 0.298 
PD] 1 1 .170 1.107 0.063 1 .270 1.081 0.189 1 • 100 0.332 0.268 1 .020 0.854 0.166 
PD] 2 II 1.072 0.098 II 1.050 0.220 II 0.832 0.268 11 0.807 0.213 
PD] 3 II 1.023 0.147 II 0.993 0.277 II 0.821 0.279 n 0.765 0.255 
PD] 4 II 0,993 0.177 II 1.081 0.189 II 0.843 0.257 it 0.727 0.293 
PDF: 1 0 .970 0.982 -0.012 1 .330 1.216 0.114 1 .230 0.933 0.297 1 .210 0.950 0.260 
PDF! 2 II 0.933 0,037 II 1.197 0.133 II 0.958 0.272 11 0.937 0.273 
PDF 3 II 0.933 0.037 II 1.127 0.203 II 0.998 0.232 u 0.950 0.260 
PDH 4 II 0.999-0.029 II 1,144 0.186 tl 0.945 0.285 n 0.901 0.309 
PDZ 1 1 .050 1.039 0.011 1 .300 1.157 0.143 1 •090 0.869 0.221 1 .180 0.846 0.334 
PD2 2 II 0.914 0.136 II 1.194 0,106 II 0,813 0,277 11 0.846 0,334 
PDz 3 II 0.914 0.136 II 1.157 0.143 II 0.846 0.244 n 0.836 0.344 
PD2 4 tl 0,875 0.175 II 1.123 0.177 M 0.881 0.209 n 0.846 0.334 
PD; 1 1 .030 1.001 0.029 1 .240 1.109 0.131 1 • 100 0.912 0.188 1 . 0
 
O
 
0.875 0.195 
PD' 2 II 1.073 -0.043 11 1.127 0.113 II 0.840 0.260 II 0.807 0.263 
PD; 3 II 0.984 0.046 » 1.144 0.096 II 0.851 0.249 II 0.796 0.274 
PD; 4 II 0.953 0.077 n 1.202 0.038 II 0.862 0.238 II 0.807 0.263 
^Bulk density prior to any tillage. 
bBulk density after tillage. 
cBulk density change. 
Table 28. Bulk density as affected by tillage operations on Experiment S 
Pro- Replication 1 Replication 2 Replication 3 Replication 4 
Treat- file BD a BD.* A BD0 BdI BdI ABD BD, BdI ABD BDÛBD«ABD 
ment no. 1 2 1 z id id 
— m 
Grams per cubic centimeter 
p 1 1 .150 0.801 0.349 1 .180 0.815 0.365 1 .090 0.860 0.230 1 .150 0.872 0.278 
p 2 tl 0.820 0.330 II 0.815 0.365 It 0.836 0.264 II 0.789 0.361 
p 3 tl 0.863 0.287 II 0.815 0.365 II 0.884 0.206 It 0.818 0.332 
p 4 II 0.841 0.309 II 0.815 0.365 It 0.848 0.242 tt 0.818 0.332 
PD) 1 1 .150 0.844 0.306 1 .240 0.8 57 0.383' 1 .160 0.930 0.230 1 .150 0.812 0.338 
PD] 2 It 0.803 0.347 II 0.878 0.362 II 0.956 0.204 II 0.832 0.318 
PD] 3 ll 0.833 0.317 II 0.900 0.340 II 0.881 0.279 II 0.802 0.348 
PD] 4 It 0.877 0.273 It 0.878 0.360 II 0.905 0.255 II 0.783 0.367 
PDH 1 1 .110 0.876 0.234 1 .100 0.833 0.267 1 .140 0.989 0.151 1 .120 0.913 0.207 
PDH 2 tl 0.889 0.221 It 0.879 0.221 II 0.989 0.151 n 0.888 0.232 
PDH 3 ll 0.889 0.221 II 0.833 0.261 tt 0.933 0.207 n 0.876 0.244 
PDH 4 it 0.876 0.234 tl 0.891 0.209 II 0.946 0.194 11 0.842 0.278 
PDi: 1 1 .200 0.949 0.251 1 .250 0.937 0.313 1 .190 0.997 0.193 1 .230 0.921 0.309 
PDî: 2 II 0.911 0.289 II 0.937 0.313 It 0.969 0.221 11 0.921 0.309 
PDi: 3 II 0.924 0.276 tt 0.913 0.337 tt 0.905 0.385 n 0.934 0.296 
PD2: 4 II 0.936 0,264 It 0.891 0.359 It 0.905 0.28 5 H 0.934 0.296 
PD'; 1 1 .220 0.887 0.333 1 .280 0.944 0.336 1 .120 0.915 0.205 1 .190 1.011 0.179 
PD'; 2 n 0.887 0.333 n 0.932 0.348 II O..985 0.135 M 1.011 0.179 
PD- 3 it 0.946 0.274 M 0.944 0.336 II 0.903 0.217 II 0.997 0.193 
PD' 4 u 0.934 0.286 II 0.995 0.285 tt O.890 0.230 II 0.983 0.207 
aBulk density prior to any tillage. 
bBulk density after tillage. 
cBulk density change. 
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Table 29. Analysis of variance for bulk density changes as 
affected by tillage operations 
Experiment 
Source 
of variation 
Degrees 
of freedom Mean square 
A Replications 
Treatments 
Error 
3 
4 
10a 
0.00910 
0.02512* 
0.00351 
B Replications 
Treatments 
Error 
3 
4 
12 
0.00040 
0.00492 
0.01475 
C Replications 
Treatments 
Error S 0.00223 0.00080 O.OO238 
D Replications 
Treatments 
Error i» 
0.00433 
0.01235* ' 
0.00357 
E Replications 
Treatments 
Error 
3 
4 
12 
0.00880 
0.01445 
0.00590 
F Replications 
Treatments 
Error 
3 
3 
12 
0.03970 
0.00482 
0.00196 
S Replications 
Treatments 
Error 
3 
4 
12 
0.00956 
0.00627* 
0.00102 
B, C and D 
(combined) 
Replications 2 
Treatments 4 
Error 8 
Samples/experimental 43a 
0.01120 
0.01130 
0.00350 
0.00232 
units 
aTwo degrees of freedom lost due to estimated data. 
^One degree of freedom lost due to estimated data. 
-ft 
Significant at the 95 percent level. 
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Table 30. Sequential range test for bulk density changes 
as affected by tillage operations 
Experi- Treat- _ 
ment ment X 
A PDH PD3 _ PD2 PDl 
X-0.115 X-0.135 X-0.182 X-0.257 
P 0.301 0.186* 0.166* 0.119* 0.044 
PDl 0.257 0.142* 0.122 0.075 
PD2 0.182 0.067 0.047 
PD3 0.135 0.020 
PDH 0.115 
(D = 0.137 0.127 0.114 0.092) 
D _ PD3 PD2 PDl _ PDH 
X-0.2214 0.2440 5-0.2544 X-0.2975 
P 0.3621 0.1407* 0.1181 0.1077 0.0646 
PDH 0.2975 0.0761 0.0535 0.0431 
PDl 0.2544 0.0330 0.0104 
PD2 0.2440 0.0226 
PD3 0.2214 
(D = 0.136 0.126 0.113 0.092) 
S PDH PD3 PD2 _ P 
X-0.2211 X-O.2547 X-O.2872 X-O.3II2 
PDl 0.3142 0.0931* 0.0595 0.0270 0.0030 
P 0.3112 0.0901* 0.0565 0.0240 
PD2 0.2872 0.0661 0.0325 
PD3 0.2547 0.0336 
PDH 0.2211 
(D = 0.0717 0.0667 0.0599 0.0499) 
•Significant at the 95 percent level 
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Table 31. Analysis of variance for mean weight diameter 
as affected by tillage operations 
Source Degrees 
Experiment of variation of freedom Mean square 
A Replications 
Treatments 
Error 
3 
4 
12 
0.3030 
0.218? 
0.1247 
B Replications 
Treatments 
Error 
3 
4 
12 
0.1200 
0.2500 
0.1270 
C Replications 
Treatments 
Error 
I 
12 
0.1029 
0.8098* 
0.1316 
D Replications 
Treatments 
Error 
3 
12 
0.2127 
0.2070 
0.2218 
E Replications 
Treatments 
Error 
2 
12 
0.1627 
0.2626 
0.1394 
F Replications 
Treatments 
Error 
3 
4 
12 
0.2142 
0.0116 
0.1273 
S Replications 
Treatments 
Error 
3 
4 
12 
0.0214 
0.0716 
0.0314 
B, C and D 
(combined) 
Replications 
Treatments 
Error 
Samples/experimental 
2 
4 
8 
45 
0.535 
1.036* 
0.120 
0.157 
units 
•Significant at the 95 percent level. 
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Table 32. Sequential range test for mean weight diameter as 
affected by tillage operations 
Experi- Treat- _ 
ment ment X 
FD2 PD] PDl PDH 
B, C and 
D (com­
bined ) 
X-1.210 X-l.455 X-1.480 X-l.692 
p 2.390 1.180* 0.935* 0.910* 0.698* 
PDH 1.692 0.482 0.237 0.212 
PDl 1.480 0.270 0.025 
PD3 1.455 0.245 
PD2 1.210 
(D = 0.8l6 0.760 0.682 0.557) 
PD3 PD2 PDl PDH 
%-1.462 2-1.466 2-1.490 X-1.673 
P 2.150 0.688* 0.684* 0.660* 0.477* 
PDH 1.673 0.211 0.207 0.183 
PDl 1.490 0.028 0.024 
PD2 1.466 0.004 
PD3 1.462 
_ (D = 0.489 0.453 0.404 0.326) 
•Significant at the 95 percent level. 
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Table 33. Analysis of variance for roughness coefficient 
changes as affected by tillage operations 
Source Degrees 
Experiment of variation of freedom Mean square 
B Replications 3 27,095 
Treatments 4 618,650** 
Error 12 
C Replications 3 73,636 
Treatments 4 914,294** 
Error 12 
D Replications 3 46,057 
Treatments 4 585,411** 
Error 12 77,296 
E Replications 3 68,403 
Treatments 4 772,946** 
Error 12 27,165 
F Replications 3 18,757 
Treatments 4 94,730 
Error 12 41,632 
S Replications 3 17,030 
Treatments 4 41,751 
Error 12 24,438 
B, C and D Replications 2 305,517 
(combined) Treatments 4 2,064,178** 
Error 8 27,714 
Samples/experimental 
45 units 66,960 
••Significant at the 99 percent level. 
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Table 34. Sequential range test for roughness coefficient 
change as affected by tillage operations 
Experi- Treat- _ 
ment ment X 
_ PD3 PDH PD2 _ PD3 
X-1150 2-1386 X-1612 X-1699 
p 2295 1145* 909* 683* 596* 
PDl 1699 549* 313 87 
PD2 1612 462 226 
PDH 1386 236 
PD3 1150 
(D = 532 495 445 363) 
_ PD3 PD2 PDH PDl 
X-1209 X-1444 X-1521 2-1787 
P 2482 1273* 1038* 961* 695* 
PDl 1787 578 343 266 
PDH 1521 312 77 
PD2 1444 235 
PD3 1209 
(D = 640 596 535 437) 
„ PD3 PDH PD2 PDl 
2-1442 2-1582 2-1888 2-1949 
P 2430 988* 848* 542* 481* 
PDl 1949 507 367 61 
PD2 1888 446 306 
PDH 1582 140 
PD3 1442 
(D = 626 583 524 428) 
PDH „ PD3 PD2 PDl 
X-1168 2-1380 X-1451 2-1703 
P 2311 1143* 931* 860* 608* 
PDl 1703 535* 323 252 
PD2 1451 283 71 
PD3 1380 212 
PDH 1168 
(D = 371 346 310 253) 
"Sxguxfiuciilv càu Liiê 9j pbi'vôuU Ic'vbx# 
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Table 34. (Continued) 
Experi- Treat- _ 
ment ment X 
B, C and _ PD3 PDH PD2 PDl 
D (com- X-1274 2-148? 2-1683 2-1817 
bined) 
P 2371 1097* 884* 688* 
PDl 1817 543* 330* 134 
PD2 1683 409* 196 
PDH 1487 213 
PD3 1274 
(D = 235 218 194 
554* 
157) 
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Appendix Es Data for Clod Size Determination 
Table 35• Mean weight diameter as affected by tillage operations 
Mean weight diameter in inches 
Treat- Replication • ... Experiment 
meut no. A B C D E F S 
P 1 1.33 2.36 2.46 2.44 1.27 0.74 0.98 
P 2 1.16 2.01 2.45 1.65 1.26 0.63 0.94 
P 3 2.15 2.15 2.44 1.23 1.82 1.68 0.88 
P 4 0.84 2.29 2.21 2.12 1.65 0.71 0.71 
PDl 1 1.11 1.87 1.35 0.93 2.36 1.26 0.46 
PDl 2 1.66 1.90 1.69 1.06 1.64 0.51 0.50 
PDl 3 0.95 1.64 1.97 1.74 2.37 1.20 0.79 
PDl 4 0.75 1.24 0.91 1.59 2.11 1.05 0.57 
PDH 1 0.93 1.90 2.08 2.09 1.77 1.56 0.86 
PDH 2 1.41 2.16 1.71 1.63 1.83 0.78 0.52 
PDH 3 0.67 1.57 1.85 1.44 1.29 0.68 0.53 
PDH 4 0.80 1.44 1.13 1.08 1.65 0.50 0.66 
PD2 1 0.36 1.15 1.76 1.08 2.45 0.73 0.44 
PD2 2 1.15 2.02 0.98 0.96 1.24 0.91 0.48 
PD2 3 1.04 2.26 1.00 0.93 1.76 I.05 0.59 
PD2 4 0.69 2.13 1.10 2.23 0.94 0.80 0.60 
PD; 1 1.02 1.24 1.30 1.55 1.70 1.26 1.00 
PD; 2 1.18 1.79 1.26 1.56 1.50 0.52 0,81 
PD; 3 0.57 1.97 1.32 0.92 1.29 0.79 O.H-6 
PD; 4 0.53 1.19 1.94 1.51 1.56 1.20 0.41 
Talile 36 • Mean clod size distribution as affected by tillage operations 
Percent of sample 
Clod size diameter in inches 
Experiment Treatment <1/8 1/8-1/4 1/4-1/2 1/2-1 1-2 2-3 >3 
A P 16.17 9.60 12.71 13.45 19.17 6.12 23.27 
PD1 19.01 9.91 13.19 14.55 19.96 9.75 14.26 
PDH 21.24 11.00 14.59 15.86 19.62 6.12 11.54 
PD2 25.10 11.81 15.04 15.03 18.74 6.80 8.02 
PD3 22.25 12.28 15.75 17.08 18.43 5.40 8.87 
B P 8.45 4.33 6.44 8.8 5 18.41 8.45 45.57 
PD1 .13.65 5.42 9.14 11.65 21.18 11.45 27.51 
PDH 11.52 5.41 8.22 8.82 21.64 13.13 29.46 
PD2 10.84 5.02 7.43 9.94 20.98 12.25 33.53 
PD3 12.74 6.62 10.13 12,24 22.27 12.04 23.87 
C P 8.51 2.80 4.80 6.61 18.42 9.61 49.45 
PD1 12.99 7.12 10.53 13.64 21.87 12.14 21.77 
PDH 11.71 6.21 9.31 12.61 20.82 10.41 28.93 
PD2 15.76 6.93 10.64 14.46 26.51 12.87 12.93 
PD3 11.92 6.71 10.72 14.32 24.75 10.22 21.24 
D P 10.64 5.12 7.93 10.64 23.59 7.83 34.14 • 
PD1 15.02 7.11 10.81 14.41 22.22 12.41 17.62 
PDH 13.35 6.12 9.14 12.25 25.10 8.63 25.20 
PD2 16.43 8.12 11.72 14.83 22.34 6.81 19.74 
PD3 15.36 7.43 10.74 13.76 22.09 10.54 20.18 
E P 12.28 7.94 10.40 13.05 23.27 9.10 23.67 
PD1 7.32 5.04 7.63 9.63 19.33 9.58 41.43 
PDH 8.80 6.21 9.45 12.47 24.74 14.58 23.86 
PD2 9.13 6.96 9.99 12.88 25.10 11.49 24.44 
PD3 10.73 7.40 10.24 12.91 22.92 15.75 19.94 
Table 37. Mean clod size distribution as affected by tillage operations 
Percent of sample 
Clod size diameter in inches 
Experiment Treatment <1/8 1/8-1/4 1/4-1/2 1/2-1 1-2 2-3 >3 
p p 19.52 10.12 13.39 15.53 24.91 7.60 8.92 
PD1 27.42 12.62 12.79 11.19 14.79 5.56 15.58 
PDH 28.65 11.68 12.89 12.40 17.07 5.84 11.42 
PD2 30.94 10.92 12.34 12.00 17.12 4.84 11.78 
PD3 32.09 10.42 11.31 10.72 14.05 8.41 12.98 
s P 22.59 12.58 15.20 15.15 17.75 6.74 9.98 
PD1 26.96 14.42 17.18 16.49 16.86 4.81 3.25 
PDH 25.79 14.76 17.55 16.66 15.03 4.80 5.26 
PD2 28.21 15.31 17.28 15.42 17.90 3.54 2.33 
PD3 28.81 14.58 16.48 16.72 14.79 3.14 7.48 
Table 38. Clod size distribution as affected by tillage operations in Experiment A 
Percent of sample 
Repli- Sample . . 
Treat- cation weight Clod size diameter in inches 
mer.t no. lbs. < 1/8 1/8-1/4 1/4-1/2 1/2-1 1-2 2-3 >3 
p 1 55.38 20.37 9.48 12.61 13.53 17.24 5.67 23.04 
p 2 63.50 18.02 IO.25 13.01 14.09 20.70 7.88 16.04 
p 3 57.44 9.25 6.03 8.14 8.92 15.65 5.61 46.40 
p 4 37.13 17.10 12.67 17.11 17.26 23.07 5.30 7.52 
PD1 1 52.75 23.28 9.19 11.94 13.39 18.63 8.71 14.93 
PD] 2 52.69 14.17 7.38 9.40 11.07 17.88 11.20 28.84 
PD1 3 52.38 18.61 10.55 13.79 15.37 23.69 9.48 8.64 
PD] 4 37.56 20.01 12.49 17.60 18.40 17.60 9.59 4.63 
PDH 1 70.19 27.76 11.61 13.79 14.22 15.13 3.33 14.22 
PDH 2 57.00 16.36 8.51 11.20 13.81 19.22 6.73 23.76 
PDF! 3 49.88 20.98 11.95 16.24 18.25 23.77 6.66 2.14 
PDH 4 38.75 19.55 11.95 17.13 17.13 20.33 7.76 6.15 
PD2 1 43.38 38.82 13.67 16.14 14.40 13.22 3.78 0 
PD2 2 64.88 23.35 9.56 11.20 11.96 18.24 9.85 16.03 
PD5 3 53.00 13.74 9.93 14.91 16.10 25.29 10.29 9.69 
PD5 4 45.81 24.61 14.11 17.94 17.67 18.20 3.28 6.30 
PD; 1 50.31 24.07 10.23 13.66 13.84 17.72 6.48 14.23 
PD; 2 56.38 16.69 9.68 12,57 15.46 21.79 7.46 16.35 
PD; 3 45.13 25.30 13.22 16.26 16.83 21.84 5.42 1.25 
PD; 4 41.63 22.96 16.01 20.54 22.21 12.38 2.26 3.66 
TaMe 39 . Clod size distribution as affected by tillage operations in Experiment B 
Tre at -
Repli- Sample 
Percent of sample 
Clod size diameter in inches 
mer.t no. lbs. < 1/8 1/8-1/4 1/4-1/2 1/2-1 1-2 2-3 >3 
P 1 48,06 8,17 3.94 5.65 8.78 17.15 5.05 51.26 P 2 49.38 9.66 4.43 6.84 9.56 16.80 17.20 35.51 P 3 37.44 6.75 3.83 5.95 8.97 24.09 4.03 46.37 P 4 58.13 8.91 5.11 7.11 8.01 15.72 6.11 49.15 
PI)".. 1 51.81 11.77 4.33 6.64 10.36 20.93 13.78 32.19 
PD". 2 48.13 13.67 5.63 7.64 10.55 17.09 8.64 36.78 
PDJ. 3 51.00 14.26 3.51 10.44 11.14 22.89 11.14 26.61 PD1 4 48.25 15.13 8.02 11.72 14.63 23.95 12.02 14.73 
PDH 1 51.00 5.51 3.10 5.81 10.31 27.23 22.52 26.73 
PDH 2 44.56 12.04 5.02 6.72 8.53 15.55 6.52 45.74 
PDH 3 47.63 10.85 5.33 8.54 12.26 23.42 19.30 • 20.30 PDH 4 55.19 17.42 8.41 11.71 12.21 20.62 5.11 25.23 
PD:! 1 32.81 15.73 5.71 8.82 12.12 28.36 24.55 4.81 PD:I 2 45.88 9,39 4.04 6.36 9.60 22.32 11.21 37.07 PD:! 3 57.38 10.94 5.22 6.22 7.63 12.95 8.94 47.99 PD;> 4 58.44 7.30 5.20 8.30 10.50 20.20 4.20 44.30 
PD 3 1 51.00 17.17 6.63 . 9.84 12.45 24.00 17.67 12.25 PD"} 2 55.94 8.91 5.41 9.41 12.01 23.02 10.21 31.03 PD) 3 48.38 10.03 5.92 8.93 11.63 16.65 7.82 39.02 PD} 4 45.00 15.15 8.53 12.44 13.04 25.48 12.44 13.04 
Table 40. Clod size distribution as affected by tillage operations in Experiment C 
Percent of sample 
Repli- Sample Clod size diameter in inches 
Treat- cation weight 
ment no. lbs. < 1/8 1/8-1/4 1/4-1/2 1/2-1 1-2 2-3 >3 
p 1 38.13 6.90 0.20 3-30 4.90 22.60 13.80 48.40 
p 2 41.88 11.02 3.71 5.51 6.21 11.02 8.72 53.71 
p 3 58.63 8.70 3.70 4.90 7.01 17.22 4.90 53.55 
p 4 50.50 7.40 3.70 5.7 0 8.20 22.90 10.90 42.40 
PD. 1 46.81 12.24 7.42 12.44 15.15 22.17 13.34 17.15 
PD:_ 2 47.69 8.12 5.41 8.42 12.42 23.15 19.44 23.15 
PD. 3 50.00 10.61 5.81 8.71 11.31 17.92 5.91 39.64 PD. 4 47.25 21.11 9.75 12.56 15.48 24.02 9.95 7.14 
PDH 1 42.00 6.80 3.90 7.10 10.90 23.00 8.20 40.00 
PDH 2 46.00 10.42 5.71 9.02 12.02 21.34 14.43 27.15 
PDH 3 52.13 12.31 5.91 8.61 10.91 18.42 9.41 34.53 PDH 4 41.38 17.30 9.30 12.60 16.60 20.40 9.80 14.00 
PD:> 1 43,75 10.82 5.41 8.32 11.32 22.85 11.72 29.46 PD:! 2 39.69 20.14 7.52 10.72 14.63 24.25 17.64 5.11 PD:! 3 31.44 18.65 7.56 12.60 16.13 27.72 8.06 9.27 PD:! 4 43.19 13.24 7.32 10.73 15.65 31.19 14.04 7.82 
PD.) 1 41.94 13.03 6.71 11.22 14.83 28.36 9.32 16.53 PD:) 2 39.44 14.70 7.60 10.10 13.40 27.20 12.80 14.10 
PD:) 3 39.31 11.02 6.51 11.32 16.23 26.35 13.13 15.43 PD) 4 45.06 8.93 6.12 10.23 12.94 17.05 5.82 38.82 
Tatle 41. Clod size distribution as affected by tillage operations in Experiment D 
Percent of sample 
Treat- oltlon weight Clod size diameter In inches 
ment no. lbs. <1/8 1/8-1/4 1/4-1/2 1/2-1 1-2 2-3 >3 
p 1 55.75 3.80 2.50 4.70 6.70 23.80 8.60 49.50 p 2 48.56 10.91 5.81 10.01 13.51 24.12 6.91 28.53 p 3 53.63 16.35 8.53 11.53 14.44 23.97 8.93 16.35 p 4 45.06 11.11 3.74 5.35 7.99 22.42 7.17 42.22 
PD1 1 54.38 20.32 9.11 14.21 16.62 21.62 9.81 8.21 
PEQ 2 58.25 16.72 8.81 13.01 17.42 19.62 14.11 10.01 
PD] 3 54.19 13.21 5.61 8.01 10.91 18.82 14.11 29.23 
PD] 4 41.13 10.22 5.01 8.22 12.73 28.96 11.82 22.85 
PDF 1 63.50 11.54 5.12 7.62 9.53 18.05 3.21 44.73 
PDF 2 44.25 13.97 7.54 9.75 11.26 22.01 5.53 29.75 
PDF 3 49.13 15.69 5.73 8.55 13.08 24.25 12.37 20.32 
PDF 4 46.88 12.34 6.12 10.73 15.35 36.21 13.24 5.92 
PD2 1 49.56 14.60 9.90 14.90 20.30 23.80 1.00 15.50 
PD2 2 46.81 27.66 8.62 10.62 13.43 19.44 8.92 11.12 
PD2 3 51.31 16.27 10.14 15.86 16.77 26.00 6.83 8.23 
PD2 4 41.13 7.11 3.70 5.51 9.01 20.12 10.41 44.14 
PD; 1 54.75 15.06 7.43 11.04 13.65 16.27 10.04 26.61 
PD; 2 59.19 16.97 7.43 9.44 11.85 18.57 8.73 27.11 
PD; 3 40.56 20.38 9.24 11.55 14.86 28.31 8.43 7.13 
PD; 4 49.31 8.93 5.42 10.93 14.74 25.18 14.94 19.76 
Table 42 . Clod size distribution as affected by tillage operations in Experiment E 
Percent of sample 
Treat- cation «eight Clod size diameter la inches 
ment no, lbs. <1/8 1/8-1/4 1/4-1/2 1/2-1 1-2 2-3 >3 
p l 54.13 12.91 10.01 12.01 14.91 24.22 6.51 18.42 p 2 46.75 12.60 7,70 10.70 15.50 31.20 6.00 16.20 p 3 48.06 9.94 6.93 9.34 10.74 18.27 12.85 31.93 p 4 54.44 13.65 7.13 9.54 11.04 19.38 11.04 28.11 
pi): 1 43.94 4.21 3.01 6.12 8.43 18.86 13.34 45.94 
pi):. 2 52.63 11.21 6.91 9.11 11.61 23.82 10.41 26.73 pi): 3 52.13 6.10 4.70 7.00 8.10 17.00 6.60 50.50 
PD: 4 46.19 7.76 5.54 8.27 10.38 17.64 7.96 42.54 
PI)I[ 1 52.31 7.32 6.62 9.73 11.53 23.47 12.34 29.19 
PI)Ii 2 51.38 10.06 6.04 9.05 11.87 17.51 13.58 31.99 
PDH 3 46.88 10.65 7.04 10.55 13.37 28.34 18.99 11.06 
PDH 4 48,56 7.16 5.14 8.47 13.10 29.64 13.41 23.19 
PD;: 1 45.56 5.66 3.64 5.86 8.18 17.58 5.86 53.23 PD;: 2 49.38 9.63 7.92 11.74 16.15 29.69 12.14 12.74 
PD;: 3 52.63 7.53 6.23 9.04 11.14 23.80 14,. 56 27.61 PD;: 4 50.88 13.71 10.05 13.30 16.04 29.34 13 ..40 4.16 
PD' I  l 47.19 8.02 6.02 9.03 13.04 21.77 16.75 25.37 
PI) ' i  2 57.56 10.81 8.81 11.61 13.71 22.02 13.51 19.32 
PD'; 3 36.31 15.35 8.74 11.79 13.92 23.48 8.33 18.19 
PD' I  4 48.31 8.74 6.03 8.54 10.95 24.42 24.42 16.88 
Table 43. Clod size distribution as affected by tillage operations in Experiment F 
Treat-
Repli- Sample 
Percent of sample 
Clod size diameter in inches 
ment no. lbs. < 1/8 1/8-1/4 1/4-1/2 1/2-1 1-2 2-3 >3 
P 1 43.75 21.08 11.02 14.09 15.45 26.48 9.86 2.03 
P 2 46.00 23.34 11.05 14.84 17.03 25.71 8.05 0 
P 3 41.00 14.12 7.60 10.12 11.95 18.98 5.06 32.20 
P 4 40.00 19.54 10.81 14.54 17.69 28.48 7.44 1.48 
PD] 1 43.00 28.63 11.72 10.51 9.13 11.20 4.30 24.49 
PD1 2 44.13 33.51 14.08 15.41 13.92 17.75 2.33 2.99 
PD] 3 42.25 25.34 12.95 12.75 9.95 12.75 3.86 22.37 
PD] 4 40.94 22.23 11.76 12.50 11.76 17.47 11.76 12.50 
PDF: 1 47.25 24.54 7.15 8.07 8.07 14.28 8.22 29.66 
PDF 2 44.38 27.92 12.63 14.60 13.29 15.26 8.69 7.56 
PDF: 3 44.31 30.27 13.65 14.13 13.65 16.98 4.65 6.65 
PDF 4 44.31 31.89 13.29 14.77 14.61 21.77 1.83 1.83 
PD2 1 38.88 32.42 12.86 14.00 12.86 16.70 1.35 9.79 
PD5 2 43.88 25.25 10.61 12.95 13.97 19.68 7.08 10.44 
PD5 3 38.38 34.52 8.86 9.87 9.08 13.41 7.51 16.75 
PD2 4 48.56 31.59 11.37 12.57 12.11 18.70 3.44 10.17 
PD; 1 43.06 25.10 8.77 9.45 9.78 16.33 11.52 19.08 
PD; 2 46.19 42.34 11.50 13.57 12.77 10.86 3.68 5.26 
PD; 3 39.94 31.73 11.94 11.94 11.37 14.35 11.94 6.71 
PD; 4 45.19 29.20 9.47 10.28 8.97 14.69 6.52 20.88 
Table 44. Clod size distribution as affected by tillage operations in Experiment S 
Percent of sample 
Treat- cation weight Clod size diameter In Inches 
ment no. lbs. <1/8 1/8-1/4 1/4-1/2 1/2-1 1-2 2-3 >3 
p 1 32.19 21.02 11.36 14.99 17.38 17.89 2.89 14.48 p 2 36.81 27.33 11.79 13.05 12.42 15.10 7.88 12.42 p 3 45.75 20.37 13.50 15.59 13.99 17.32 11.77 7.47 p 4 40.75 21.65 13.69 17.18 16.82 20.70 4.43 5.56 
PDX 1 39.81 29.97 14.33 17.69 16.03 15.82 6.13 0 
PEL 2 43.56 33.60 15.45 16.65 14.26 12.90 3.91 3.23 
PDX 3 44.00 24.24 13.82 16.32 16.32 16.51 3.04 9.77 PDX 4 34.94 20.04 14.09 18.07 19.37 22.23 6.16 0 
PDH 1 41.75 22.35 12.33 16.28 17.34 15.74 5.55 10.38 PDH 2 46.50 27.54 14.88 17.56 18.35 17.56 1.41 2.68 
PDH 3 44.38 26.44 15.70 18.35 15.86 13.56 10.07 0 PDH 4 43.81 26.85 16.16 18.04 15.12 13.27 2.20 8.00 
PD:! 1 46.63 30.55 16.19 18.06 14.02 16.52 4.68 0 
PD:! 2 43.56 29.89 14.86 17.56 16.21 18.08- 1.02 2.37 PD:! 3 37.25 26.72 14.38 16.19 16.00 20.05 3.43 3.23 PD:: 4 40.56 25.71 15.82 17.31 15.46 16.95 5.03 3.72 
PD:) 1 38.13 29.84 12.02 13.62 11.83 13.43 0.80 18.43 PD:) 2 47.06 26.19 14.11 16.74 15.20 12.40 3.87 11.48 PD) 3 39.94 27.94 16.20 17.87 16.20 17.52 4.29 0 PD) 4 39.94 31.27 15.99 17.71 15.63 15.81 3.58 0 
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Appendix F: Data for Surface Roughness 
Coefficient Changes 
Table 45. Mean roughness coefficient changes as affected by tillage operations 
Replication Experiment 
Treatment no. B C D E P S 
P 1 1928 3028 2522 2101 -236 594 P 2 1892 2535 2207 2464 -365 696 P 3 2673 2593 2602 2141 -402 881 P 4 2320 1773 2389 2536 -250 1026 
PI)]. 1 1766 1550 1727 1867 -34 714 PI)]. 2 1898 1760 1848 1496 162 828 PI)] 3 1469 2004 1528 1614 -135 755 PI)] 4 1729 1836 2694 1836 101 497 
PDH 1 1273 1469 1739 1345 -94 298 PDH 2 1587 1595 1583 849 -267 683 
PDH 3 1287 1676 1494 1196 304 694 
PDH 4 1285 1346 1514 1280 -32 805 
PD;: 1 1635 1331 1747 1700 456 646 
PD; 2 1597 1388 1801 1208 -215 650 
PD;: 3 1841 1680 1873 1445 21 506 PD;: 4 1398 1779 2134 1453 20 654 
PD' 1 1236 1199 1406 1381 94 580 
PD'I 2 1323 1053 1611 1263 180 574 PD'. 3 1183 1414 1477 1417- -188 479 PD'I 4 945 1173 1274 1459 -6 478 
Table 46 . Roughness coefficient as affected by tillage operations in Experiment B 
Pro­ Replication 1 Replication 2 Replication 3 Replication 4 
Treat­ file A B 
®2~B1 H2-% B1 R2 ment no. *i «2 R1 R2 B1 R2 R2~R1 b2"R1 
P 1 639 1765 1126 549 3726 3177 594 3012 2418 652 2877 2225 P 2 789 2589 1800 827 2257 1430 353 3906 3553 761 3367 2606 P 3 625 2594 1969 468 2469 2001 638 2326 1688 418 278O 2362 P 4 534 3354 2820 779 1741 962 591 3627 3036 490 2580 2090 
PDX 1 846 2365 1519 524 2682 2158 458 2014 1556 597 2257 1660 PDX 2 459 2350 1891 422 2320 1898 482 2089 1607 779 2572 1793 PDX 3 633 2281 1648 426 2091 1665 664 2007 1343 366 2253 1887 PDX 4 502 2509 2007 416 2288 1872 429 1799 1370 315 1893 1578 
PDH 1 1426 2034 608 462 1770 1308 561 1716 1155 422 1962 1540 PDH 2 715 2145 1430 392 2216 1824 443 1313 870 412 1656 1244 
PDH 3 541 2650 2109 461 1912 1451 455 2120 1665 483 1339 856 PDH 4 583 1528 945 334 2102 1768 446 1905 1459 304 1805 1501 
PD;: 1 476 2467 1991 494 1680 1186 431 2246 1815 420 1732 1312 PD;: 2 563 2191 1628 812 2167 1355 423 2141 1718 534 1950 I4l6 PD;: 3 640 2125 1485 426 2798 2372 486 2811 2325 400 1909 1509 PD;: 4 673 2112 1439 612 2089 1477 598 2105 1507 512 1868 1356 
PD: 1 449 1942 1493 602 1521 919 465 1830 1365 398 1411 1013 PD: 2 766 2000 1234 513 1979 1466 665 1857 1192 757 1862 1105 PD: 3 668 1474 806 380 1989 1609 541 1619 1078 510 1035 525 PD: 4 608 2022 1414 470 1771 1301 574 1672 1098 364 1504 1140 
^Roughness coefficient before tillage. 
^Roughness coefficient after tillage. 
Table 47. Roughness coefficient as affected by tillage operations in Experiment C 
Treat­
ment 
Pro­
file 
no. 
Replication 1 Replication 2 Replication 3 Replication 4 
V R2b V*1 *1 R2 VR1 R1 R2 R2-Rl R1 R2 R2-Rl 
P 1 617 3579 2962 538 3151 2613 662 3323 2701 563 2383 1820 
P 2 548 4043 3495 745 4722 3977 885 3679 2794 378 1721 1343 
P 3 468 3432 2964 312 2408 2096 371 3035 2664 473 2664 2191 
P 4 493 3187 2694 553 2009 1456 433 2648 2215 525 2264 1739 
PD L 1 466 2400 1934 382 2416 2034 377 2788 2411 467 2127 1600 
PD. 2 574 2345 1771 439 194 7 1508 845 2949 2104 368 1686 1318 
PDL 3 528 2029 1501 457 1923 1466 402 2662 2260 426 2763 2337 PD. 4 494 1488 994 312 2345 2033 396 1638 1242 374 2404 2030 
PDH 1 575 1723 1148 485 2022 1537 740 2481 1741 358 1524 1166 
PDH 2 495 1730 1235 785 2059 1274 362 2293 1931 376 2243 1867 POU 3 545 2532 1987 394 2029 1635 388 1891 1503 479 1664 1185 
PDH 4 666 2172 1506 360 2295 1935 505 2037 1532 533 1702 1169 
PD! 1 347 1636 1289 313 1993 1680 427 2295 1868 315 1678 1363 
PD;? 2 452 1912 1460 518 2053 1535 598 2270 1672 331 1841 1510 PD:? 3 532 2147 1615 504 1487 983 662 1817 1155 766 1883 1117 
PD:? 4 662 1625 963 459 1813 1354 457 2485 2028 410 1937 1527 
PD 3 1 541 2016 1475 440 1586 1146 462 2160 1698 754 1661 907 PD 3 2 498 1438 940 437 1626 1189 490 2143 1653 389 1649 1260 PD 3 3 527 1574 1047 475 1536 1061 724 1362 638 475 1595 1120 PD 3 4 395 1732 1337 471 1287 816 338 2005 1667 642 2047 1405 
aRoughness coefficient before tillage. 
^Roughness coefficient after tillage. 
Table 48. Roughness coefficient as affected by tillage operations in Experiment D 
Pro­ Replication 1 Replication 2 Replication 3 Replication 4 
Treat­
ment 
file 
no. RIA R2b R2"R1 R1 R2 R2-RI R1 R2 R2"R1 R1 R2 R2-Rl 
P 
P 
P 
P 
1 
2 
3 
4 
36? 
516 
404 
422 
2489 
3813 
3331 
2165 
2122 
3297 
2927 
1743 
498 
403 
544 
402 
2987 
2936 
2776 
1979 
2489 
2533 
2232 
1577 
322 
367 
424 
575 
3755 
3246 
2432 
2663 
3433 
2879 
2008 
2088 
405 
445 
353 
304 
2356 
3606 
3346 
1755 
1951 
3161 
2993 
1451 
PD:. 
PD:. 
PD. 
PD:. 
1 
2 
3 
4 
411 
612 
413 
516 
2968 
2204 
2130 
1561 
2557 
1592 
1717 
1045 
415 
442 
355 
308 
2263 
2048 
2596 
2008 
1848 
1606 
2241 
1700 
617 
1053 
509 
432 
2025 
2414 
2647 
1638 
1408 
1361 
2138 
1206 
369 
255 
470 
306 
2444 
3305 
3659 2770 
2075 
3050 
3189 
2464 
PDH 
PDH 
PDH 
PDH 
1 
2 
2 
475 
ill 
680 
2309 
2207 
2048 
2410 
1834 
1828 
1567 
1730 
698 
318 
582 
273 
1965 
1937 
2076 
2226 
1267 
161? 
1494 
1953 
508 
709 
1049 
671 
2429 
2237 
2392 
1856 
1921 
1528 
1343 
1185 
385 
271 
342 
458 
1769 
1726 
2308 
1712 
1384 
1455 
1966 
1254 
PD:! 
PD;; 
PD:: 
PD;; 
1 
2 
z 
672 
589 685 
700 
2864 
2821 
2286 
I665 
2192 
2232 
1601 
9 65 
380 
527 
432 
398 
2253 
2631 
2380 
1679 
1873 
2104 
1948 
1281 
335 
490 
623 
375 
2901 
2415 
2015 
1987 
2566 
1925 
1392 
1612 
384 
261 
579 
454 
2529 
2803 
2477 
2408 
2145 
2542 
1898 
1954 
PD.) 
PD'I 
PD) 
PD.) 
1 
2 
3 
4 
403 
444 
275 
333 
1488 
1635 
2026 
1931 
1085 
1191 
1751 
1598 
402 
394 
386 
471 
2601 
1765 
2205 
1528 
2198 
1371 
1819 
1057 
695 
352 
709 
614 
1925 
2149 
2066 
2140 
1230 
1797 
1357 
1526 
566 
605 
483 
520 
1958 
2120 
1839 
1356 
1392 
1515 
1356 
836 
aRoughness coefficient before tillage. 
^Roughness coefficient after tillage. 
Table 49. Roughness coefficient as affected by tillage operations in Experiment E 
Pro­ Replication 1 Replication 2 Replication 3 Replication 4 
Treat­ file R, A R b R_-R_ H, R_ R0_R. R, R0 R__EL R, Ho R-—R-ment no. 1 2 2 1 1 2 2 1 1 2 2 1 1 2 2 1 
P 1 624 2361 1737 367 3340 2973 242 2909 2667 358 3238 2880 
P 2 561 2619 2058 284 2292 2008 504 2792 2288 337 3217 2880 
P 3 598 2230 1632 340 2910 2570 496 2330 1834 370 3895 2525 
P 4 533 3510 2977 480 2788 2308 401 2177 1776 597 2459 1862 
PDl 1 669 1747 1078 358 1807 1449 379 2420 2041 310 2307 1997 
PD1 2 333 2666 2333 607 2538 1931 352 2080 1728 431 1810 1379 
PDl 3 527 2644 2117 535 2045 1510 710 2267 1557 304 2207 1903 
PDl 4 437 2378 1941 581 1676 1095 554 1684 1130 511 2576 2065 
PDH 1 409 1653 1244 530 1647 1117 500 1464 964 392 1691 1299 
PDH 2 397 1696 1299 528 1146 618 381 1962 1581 389 1734 1345 
PDH 3 345 1940 1595 455 1116 6661 336 1694 1358 527 1815 1288 
PDH 4 338 1571 1243 355 1358 1003 679 1562 883 339 1529 1190 
PD;: 1 420 2215 1815 600 1544 944 299 1687 1388 318 2015 1697 PD;: 2 295 1741 1446 726 2095 1369 456 1987 1531 469 1851 1382 PD;: 3 354 2368 2014 326 1475 1149 436 1842 1406 499 1706 1207 PD;: 4 373 1899 1526 489 I860 1371 507 1964 1457 441 1969 1528 
PD' I  1 361 1564 1203 289 1404 1115 441 1834 1393 321 1510 1189 
PD' I  2 352 1695 1343 230 1464 1234 266 1481 1215 390 2171 1781 
PD' I  3 323 1958 1635 258 1920 1662 347 2019 1672 473 1983 1510 PD;I  4 306 1650 1344 338 1380 1042 438 1829 1391 460 1817 1357 
^Roughness coefficient before tillage. 
^Roughness coefficient after tillage. 
Table 50 . Roughness coefficient as affected by tillage operations in Experiment F 
Treat­
ment 
Pro­
file 
no. 
Replication 1 Replication 2 Replication 3 Replication 4 
V R2b r2-ri R1 R2 VR1 R1 R2 VB1 R1 R2 R2-RI 
P 1 1120 1208 88 893 483 -410 939 590 -349 879 605 -274 
P 2 956 477 -479 1113 1073 -40 861 537 -324 1429 617 -812 
P 3 1179 872 -307 1059 546 -513 1005 546 -459 902 1017 115 
P 4 1017 76 9 -248 1238 740 -498 918 440 -478 997 968 -29 
PD:. 1 1523 1163 -360 1063 1064 1 1244 879 -364 1550 1259 -291 
PD:. 2 1300 1072 -228 1320 1394 74 1192 1075 -117 1378 1538 160 
PD: 3 1224 1224 0 782 1282 500 1137 1114 -23 1080 1320 240 PD:. 4 879 1330 451 1041 1115 74 1332 1295 -37 985 1283 298 
PDH 1 1282 1038 -244 973 824 -149 751 1110 359 1443 1115 -328 PDH 2 1107 866 -241 1469 1272 -197 966 1354 388 1197 1479 282 
PDH 3 1002 1156 154 1466 940 -526 935 1239 304 1227 904 -323 PDH 4 922 876 -46 1322 1124 -198 987 1155 168 1171 1409 238 
PD;: 1 738 1337 599 1242 921 -321 816 1170 354 1100 1351 251 PD;: 2 1016 1610 594 1305 964 -341 1080 1140 60 1117 1082 
-35 PD;; 1 J 1117 1435 318 1399 1169 -230 1145 872 -273 1129 1246 117 PD;: 4 857 1172 315 1155 1185 30 1272 1215 -57 1290 1040 -250 
PD;I 1 1089 1224 135 1046 896 -149 1400 879 -521 1125 873 -252 
PDl 2 1059 1087 28 892 1019 127 1208 1054 -154 1131 1424 293 
PD3 3 1148 1228 80 922 1322 400 1057 1006 -51 1743 1353 -390 PD:I 4 1060 1196 136 805 1148 343 1067 1038 -29 1096 1419 323 
^Roughness coefficient before tillage. 
^Roughness coefficient after tillage. 
Table 51. Roughness coefficient as affected by tillage operations in Experiment S 
Pro­ Replication 1 Replication 2 Replication 3 Replication 4 
Treat­
ment 
file 
no. *2 R2~R1 R1 R2 R2-Ri R1 R2 R2~R1 R1 r2 r2~R1 
P 
P 
P 
P 
1 
2 
3 
4 
609 
631 
814 
675 
1247 
1179 
1596 
1085 
638 
548 
782 
410 
772 
786 
770 
775 
1545 
1293 
1640 
1411 
773 
507 
870 
636 
586 
546 
771 
664 
1501 
1178 
1642 
1772 
915 
632 
871 
1108 
773 
511 
554 
569 
1514 741 
1897 11386 
1467 913 
1634 1065 
PD:. 
PD. 
PDl 
PDl 
1 
2 
I 
744 
681 
649 
633 
1650 
1346 
1457 
1110 
906 
665 
808 
4 77 
690 
699 
629 
614 
1328 
1347 
1539 
1733 
638 
648 
910 
1119 
765 
922 
740 
1334 
1650 
1504 
1490 
803 
885 
582 
750 
707 
736 
698 
638 
1258 
1427 
1013 
1070 
551 
691 
315 
432 
PDH 
PDH 
PDH 
PDH 
1 
2 
I 
849 
1376 
683 
588 
1143 
1344 
1142 
1061 
294 
-32 
459 
473 
504 
602 
494 
723 
1024 
1295 
1308 
1428 
520 
693 
814 
705 
905 
580 
745 
658 
1355 
1370 
1516 
1426 
450 
790 
771 
768 
540 
745 
918 
724 
1715 
1703 
1374 
1358 
1175 
958 
456 
634 
PD;; 
PD;; 
PD;; 
PD;; 
1 
2 
3 
4 
600 
620 
638 
649 
1288 
1346 
1350 
1108 
688 
726 
712 
459 
777 
562 
1003 
661 
1743 
1111 
1345 
1405 
966 
549 
342 
744 
433 
622 
572 
467 
1124 
1147 
808 
1042 
691 
525 
236 
575 
632 
669 
699 
646 
1138 
1510 
1315 
1301 
506 
841 
616 
6 55 
PD;.) 
PD.) 
PD ; 
PD) 
1 
2 
3 
4 
905 
545 
426 
629 
1263 
1483 
1045 
1034 
358 
938 
619 
405 
596 
484 
812 
673 
1288 
1269 
1184 
1120 
692 
785 
372 
447 
634 
727 
698 
645 
987 
1037 
1384 
1213 
353 
310 
686 
568 
781 
733 
559 
722 
1135 
939 
1506 
1128 
354 
206 
947 
406 
^Roughness coefficient before tillage. 
^Roughness coefficient after tillage. 
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Appendix G: Data for Soil Moisture Content 
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Table 52. Soil moisture content of the 6-inch surface layer 
as affected by tillage operations on Experiment B 
Percent moisture content 
Treat­
Repli-AQ 4* Î NU 1962 O»ULUU 
ment no. 7/25* 7/27 7/29 7/31 8/2 8/4 
C 1 25.7 24.0 24.4 22.9 20.4 21.4 
2 27.0 24.1 26.3 23.7 25.3 21.3 
3 25.6 25.2 23.6 21.3 20.9 22.3 
4 25.2 22.0 22.4 20.3 19.4 20.3 
P 1 22.2 24.6 17.6 19.8 17.4 22.0 
2 27.0 25.6 26.6 26.0 17.8 17.4 
3 27.7 23.6 22.2 17.8 17.4 — 1 
4 26.2 25.7 22.8 22.8 19.2 25.4 
PDl 1 24.8 19.6 19.2 21.6 21.2 26.3 
2 24.4 22.7 23.0 22.2 23.4 22.3 
3 26.6 24.4 17.3 20.1 19.2 24.1 
4 26.8 24.1 26.1 20.8 18.9 21.6 
PDH 1 27.6 23.2 23.3 22.2 17.4 24.5 
2 26.6 23.8 24.9 21.7 24.4 23.3 
3 27.4 24.9 26.3 21.0 21.5 23.4 
4 22.4 23.1 21.8 17.9 16.8 21.7 
PD2 1 26.0 24.9 20.9 22.5 15.7 23.3 2 25.8 25.7 24,6 19.7 20.3 20.0 
3 32.8 27.1 26.6 23.4 27.6 17.9 
4 27.2 23.4 22.5 17.9 25.6 22.8 
PD3 1 24.1 24.5 23.0 22.2 18.5 23.3 
2 22.8 25.6 24.3 23.9 21.9 22.7 
3 28,4 28.2 26.4 22.9 22.8 27.7 
4 27.0 25.0 23.9 21.7 19.0 15.7 
^Percent moisture content before tillage. 
bMissing data. 
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Table 53• Soil moisture content of the 6-inch surface layer 
as affected by tillage operations on Experiment C 
Percent moisture content 
1962 Bepli-Treat- cation ————— 
ment no. 7/30a 8/1 8/3 8/5 8/7 8/9 
C 1 23.3 24.0 18.2 19.0 18.0 19.3 
2 24.4 24.6 21.8 20.9 21.1 20.2 
3 25.3 22.5 20.9 20.9 20.5 19.0 
4 26.0 22.8 20.9 22.0 20.5 21.4 
P 1 23.9 20.5 20.0 21.6 25.4 26.9 
2 22.2 23.3 22.3 21.3 20.8 23.8 
3 26.3 25.5 23.5 25.7 27.5 24.3 
4 33.0 22.8 19.3 18.0 21.3 22.0 
PDl 1 24.3 22.4 — b 23.8 21.9 24.5 
2 23.0 22.3 23.6 20.7 23.2 17.9 
3 29.2 24.6 24.6 23.7 22.7 25.4 
4 26.7 22.7 22.1 21.4 22.7 23.6 
PDH 1 24.1 21.1 20.6 19.4 21.2 22.7 
2 25.7 20.8 22.6 21.6 20.4 23.7 
3 27.7 24.3 19.9 21.6 24.3 25.6 
4 23.9 18.6 15.7 16.5 18.6 17.4 
PD2 1 24.1 22.9 20.3 19.3 18.3 22.5 
2 25.2 23.0 22.4 22.6 23.4 24.4 
3 25.4 25.9 23.0 23.5 22.6 24.4 
4 25.0 22.7 21.9 22.7 19.8 22.7 
PD3 1 22.8 23.3 19.3 24.0 20.3 20.8 
2 21.8 23.1 20.7 21.7 23.8 23.8 
3 27.6 21.9 21.8 22.7 25.2 24.1 
4 25.6 21.8 — 21.5 23.9 21.9 
^Percent moisture content before tillage 
^Missing data. 
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Table 54. Soil moisture content of the 6-inch surface layer 
as affected by tillage operations on Experiment D 
Percent moisture content 
Repli- ,qé2 
Treat- cation / 
ment no. 8/2* 8/5 8/7 8/9 8/11 8/13 
1 23.3 20.6 20.5 18.4 19.2 22.2 
2 20.2 21.7 19.8 18:6 19.6 18.8 
3 24.1 20.8 20.3 20.1 18.9 18.6 
4 23.0 20.8 20.2 19.5 20.6 17.3 
1 19.8 20.2 22.8 19.9 21.4 21.3 
2 22.4 17.7 21.6 18.1 20.0 — ° 
3 22.2 19.8 22.5 21.8 18.9 23.1 
4 23.4 28.6 19.2 16.9 15.3 15.8 
PDl 1 21.2 19.5 23.5 18.0 22.7 21.3 
2 21.3 17.8 22.3 16.9 20.1 18.5 
3 14.7 23.2 20.8 20.9 20.3 20.2 
4 20.1 16.6 18.0 17.6 16.5 16.3 
PDH 1 21.4 20.7 20.5 20.4 21.2 19.2 
2 23.7 19.4 22.1 19.0 21.0 20.5 
3 23.1 20.2 20.1 19.5 21.0 30.2 
4 19.3 15.9 18.1 14.3 15.7 15.9 
PD2 1 23.6 21.6 22.7 18.3 20.6 20.4 
2 25.3 21.8 21.8 20.0 21.2 22.2 
3 26.7 22.0 23.0 22.3 21.9 18.8 
4 21.2 18.9 19.8 18.2 18.6 17.9 
PD3 1 18.6 20.0 23.4 17.7 31.8 21.4 
2 21.7 21.4 21.1 20.1 21.6 20.4 
3 23.8 21.3 21.1 19.9 19.2 21.1 
4 19.1 21.0 21.5 21.2 . 19.1 21.2 
^Percent moisture content before tillage. 
^Missing data. 
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Table 55» Soil moisture content of the 6-inch surface layer 
as affected by tillage operations on Experiment E 
Percent moisture content 
1262 Bepli-Treat- cation 
ment no. 8/8* 8/10 8/12 8/14 8/16 8/18 
C 1 28.1 25.6 23.3 21.6 20.1 19.6 
2 25.0 24.6 21.1 35.8 20.0 18.1 
3 27.9 26.4 24.6 22.3 21.6 24.5 
4 28.7 25.5 22.9 39.5 18.8 19.5 
P 1 29.7 26.8. 25.7 26.8 26.4 21.0 
2 27.7 — ° 25.0 25.2 28.0 24.0 
3 27.8 25.3 24.7 24.9 24.1 24.1 
4 22.5 21.2 19.8 18.3 21.1 18.5 
PDl 1 28.6 27.4 27.1 26.3 27.9 25.3 
2 23.9 25.0 22.8 22.3 22.0 20.4 
3 28.4 25.2 27.2 19.2 25.3 25.3 
4 26.1 26.0 24.9 24.6 25.5 22.7 
PDH 1 30.2 29.1 27.8 20.5 26.9 23.7 
2 21.9 23.3 21.6 22.3 21.1 30.3 
3 27.2 28.3 25.7 25.4 26.3 23.4 
4 26.0 24.8 24.9 21.4 23.9 22.7 
PD2 1 29.6 19.8 26.5 28.1 26.8 24.2 
2 23.3 25.8 21.9 23.8 23.7 22.1 
3 28.9 28.2 27.2 28.2 27.4 25.4 
4 21.5 20.7 20.1 18.4 19.9 23.6 
PD3 1 29.4 26.8 27.2 28.1 27.0 22.5 
2 23.9 23.9 20.5 21.4 20.7 20.8 
3 27.9 28.6 26.2 27.0 27.5 24.5 
4 27.8 26.1 26.9 25.8 22.8 24.6 
^Percent moisture content before tillage. 
^Missing data. 
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Table 56. Maximum daily soil temperature 3 inches below 
the ground surface as affected by tillage 
treatments in Experiment A 
Treat­
ment 
Repli­
cation 
no. 
Degrees Fahrenheit 
1962 
6/16 6/18 6/19 6/20 6/21 6/22 6/23 6/24 6/25 
C 1 78.5 80.0 80.9 81.8 79.7 79.2 8" .8 80.7 
C 2 77.9 79.5 80.1 81.9 80.2 78.6 ' .1 82.3 
C 3 79.2 81.5 83.5 80.8 80.3 79.2 '.0 82.6 
C 4 79.2 82.2 84.2 82.5 81.8 81.1 i / . 6  8 1 . 9  
P 1 79.0 82.1 87.3 81.4 81.2 82.8 bb.u 91.6 89.0 
P 2 76.8 80.6 85.8 82.8 79.5 81.1 84.4 90.4 86.4 
P 3 76.3 78.7 83.0 79.0 79.9 79.3 79.6 86.9 83.2 
P 4 76.8 77.3 80.4 78.5 77.3 78.2 81.7 83.7 82.0 
PDl 1 77.4 76.8 83.6 79.0 79.9 79.6 83.9 86.0 83.4 
PDl 2 77.8 78.5 85.7 84.6 82.0 80.6 81.7 86.4 83.9 
PDl 3 76.8 76.9 81.9 83.4 80.7 80.5 81.7 88.7 84.3 
PDl 4 76.8 77.3 80.4 78.5 77.3 78.2 81.7 83.7 82.0 
PDH 1 80.1 82.2 88.4 82.7 83.3 83.0 86.2 90.0 88.3 
PDH 2 78.9 81.2 85.6 84.9 84.5 80.5 84.0 90.3 87.0 
PDH 3 80.7 79.4 86.3 83.1 82.3 83.0 83.2 90.9 86.6 
PDH 4 78.1 76.7 86.7 80.6 79.6 79.5 80.6 85.8 82.9 
PD2 1 78.4 79.9 90.1 86.6 82.3 82.1 87.9 91.7 88.2 
PD2 2 79.2 78.9 84.6 81.8 82.0 80.6 87.1 88.0 87.5 
PD2 3 76.5 77.9 82.5 77.4 79.6 88.9 80.1 86.1 83.7 
PD2 4 75.4 79.1 82.9 78.7 77.4 79.3 79.0 82.5 80.1 
PD3 1 80.1 79.7 85.0 84.6 81.9 80.8 84.6 88.0 88.0 
PD3 2 77.0 79.1 84.4 80.8 81.2 82.8 88.1 91.9 85.8 
PD3 3 77.4 79.2 83.6 80.3 79.7 78.8 81.3 86.4 85.7 
PD3 4 77.4 79.4 84.5 82.6 80.3 79.1 83.4 88.8 85.9 
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Table 57. Maximum daily soil temperature 6 inches below 
the ground surface as affected by tillage 
treatments in Experiment A 
Degrees Fahrenheit 
Repli- 1962 
Treat- cation . . 7 - -
ment no. 6/16 6/18 6/19 6/20 6/21 6/22 6/23 6/24 6/25 
c 1 73.8 76.0 74.4 75.7 73.0 74.6 77.0 77.8 76.1 
c 2 74.2 74.1 74.9 75.4 73.7 74.5 75.5 76.8 75.4 
c 3 73.9 76.0 75.8 76.8 73.7 75.4 76.8 79.2 75.8 
c 4 76.1 75.9 76.1 76.0 74.8 75.8 76.3 77.8 77.6 
p 1 75.0 72.5 74.8 77.6 76.0 75.9 76.6 80.9 80.6 
P 2 72.6 74.1 75.9 76.3 75.0 75.5 77.1 80.0 78.4 p 3 72.9 71.1 74.9 76.0 73.6 72.9 74.4 77.7 75.1 p 4 69.9 71.1 73.0 71.6 71.9 72.0 72.7 74.8 75.2 
PDl 1 73.5 73.4 75.0 74.9 73.1 75.5 76.7 80.8 78.5 
PDl 2 71.1 71.8 76.1 74.8 73.9 73.3 76.3 79.3 76.8 
PDl 3 71.0 71.3 73.0 75.4 74.8 74.3 75.8 80.0 79.3 
PDl 4 68.6 70.2 71,0 71.0 70.4 72.2 73.0 75.0 74.4 
PDH 1 73.8 76.0 76.5 77.5 75.8 75.6 78.8 81.5 80.4 
PDH 2 72.6 74.5 76.1 76.7 74.8 75.8 78.3 79.5 78.9 
PDH 3 73.9 74.5 78.2 75.9 74.9 77.3 79.0 79.6 79.6 
PDH 4 70.5 72.1 74.4 73.6 73.1 73.7 74.5 76.5 76.7 
PD2 1 73.5 75.3 77.1 78.6 77.4 76.1 78.3 81.0 80.6 
PD2 2 72.6 72.5 75.9 75.9 75.0 76.4 77.0 79.5 79.6 
PD2 3 70.7 73.0 74.5 73.2 72.2 72.9 74.9 77.0 75.7 
PD2 4 70.2 71.6 72.9 72.0 71.7 72.6 74.5 75.8 74.1 
PD3 1 71.9 74.0 76.6 76.4 75.6 76.4 78.7 80.5 79.9 
PD3 2 71.6 72.6 75.0 76.1 75.8 76.8 80.1 81.9 81.8 
PD3 3 70.4 72.5 74.4 74.3 73.5 74.5 75.7 78.4 78.2 
PD3 4 70.0 73.7 75.6 75.2 73.2 73.8 74.7 76.9 78.1 
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Table 58. Maximum daily soil temperature 3 inches below the 
ground surface as affected by tillage treatments 
in Experiment B 
Degrees Fahrenheit 
Repli- 1962 
Treat- cation ? 
ment no. 7/26 7/2? 7/28 7/29 7/39 7/31 8/1 8/2 8/3 
c 1 85.5 75.8 74.3 83.6 81.2 87.2 79.4 81.5 81.6 
c 2 85.2 77.4 76.0 82.6 83.0 87.0 82.9 86.3 82.0 
c 3 84.8 75.3 74.5 81.7 82.2 83.8 76.2 85.5 84.2 
c 4 89.0 77.4 75.7 82.3 83.5 85.1 79.7 84.5 82.4 
p 1 77.2 67.0 68.4 78.1 68.0 84.8 77.2 79.3 76.3 p 2 74.2 67.8 70.5 82.8 73.4 77.5 83.0 83.2 78.8 p 3 75.0 67.7 70.8 78.8 71.0 82.2 78.4 86.1 82.7 p 4 72.0 67.9 69.8 76.3 74.1 82.5 77.5 80.4 81.4 
PD1 1 74.0 69.9 69.5 79.0 72.6 78.2 77.7 83.3 82.7 
PD1 2 75.8 69.9 69.2 78.9 72.5 80.2 76.4 78.3 80.0 
PD1 3 74.0 69.3 70.3 76.4 72.3 77.6 76.0 78.6 79.0 
PD1 4 74.6 69.2 69.4 78.6 75.7 77.2 76.8 82.6 78.5 
PDH 1 73.3 70.5 70.5 78.3 74.6 79.0 74.2 82.8 75.7 
PDH 2 75.5 70.5 71.4 80.2 74.2 77.9 75.0 79.7 80.2 
PDH 3 81.0 70.8 69.7 79.2 73.5 82.2 73.3 83.0 78.8 
PDH 4 79.2 73.0 71.8 84.0 79.3 85.0 78.6 84.4 83.8 
PD2 1 73.2 68.0 69.1 76.7 75.3 82.6 76.6 79.0 76.6 
PD2 2 74.6 69.5 69.5 79.4 72.1 80.0 77.9 77.4 79.6 
PD2 3 75.5 72.0 69.5 76.3 73.6 78.2 75.6 83.7 78.3 
PD2 4 76.1 71.0 69.8 79.5 74.7 77.0 78.0 83.6 79.8 
PD3 1 74.2 71.0 69.5 76.9 72.8 74.2 74.8 81.0 80.5 
PD3 2 79.7 76.0 71.3 77.0 73.7 78.8 75.9 78.5 78.7 
PD3 3 76.0 67.0 69.8 77.8 74.1 84.1 77.7 79.3 79.4 
PD3 4 77.3 71.9 71.3 80.3 74.9 82.2 77.2 81.6 80.4 
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Table 59• Maximum daily soil temperature 6 inches below 
the ground surface as affected by tillage treat­
ments in Experiment B 
Degrees Fahrenheit 
Repli- lof? 
Treat- cation ±z2± 
ment no. 7/26 7/27 7/28 7/29 7/39 7/31 8/1 8/2 8/3 
c 1 83.2 74.1 62.8 77.6 77.7 77.2 70.8 77.2 78.0 
c 2 79.8 74.8 73.0 75.9 77.3 78.0 73.6 80.0 79.2 
c 3 79.7 74.2 73.2 75.7 76.6 79.0 76.4 79.7 78.7 
c 4 79.4 75.0 72.6 77.5 78.0 78.7 76.2 79.7 77.6 
p 1 71.0 63.8 65.6 70.9 65.8 75.8 68.2 70.8 72.0 p 2 71.1 67.9 68.7 73.4 69.3 72.1 72.4 77.8 76.4 p 3 73.1 67.5 69.0 74.3 70.2 75.7 71.6 78.7 75.2 p 4 71.2 68.0 68.6 75.3 69.3 74.6 73.2 73.5 77.0 
PD1 1 72.9 68.9 68.6 72.5 70.8 73.4 72.1 74.9 74.0 
PD1 2 71.4 68.5 69.6 77.3 70.3 72.8 72.2 72.5 73.8 
PD1 3 72.5 69.7 69.0 71.7 70.2 72.0 72.8 73.8 73.2 
PD1 4 72.4 69.2 68.8 72.1 71.3 73.8 72.6 76.3 74.2 
PDH 1 71.7 69.3 69.0 72.0 70.8 73.0 76.1 76.1 74.1 
PDH 2 74.0 69.4 69.6 74.5 70.7 73.7 72.0 73.5 75.5 
PDH 3 73.5 69.4 69.1 73.8 71.4 74.4 75.6 76.5 74.4 
PDH 4 74.4 71.5 70.7 75.0 74.1 75.9 73.5 76.4 76.6 
PD2 1 71.4 68.8 69.2 73.2 71.4 75.2 71.8 72.7 70.0 
PD2 2 72.4 69.5 69.4 72.1 70.7 71.3 71.6 73.2 75.0 
PD2 3 72.7 71.9 69.2 72.4 70.9 74.2 72.6 76.0 74.4 
PD2 4 73.9 69.3 68.8 74.4 72.5 73.8 73.0 75.0 75.2 
PD3 1 73.3 69.1 68.8 70.3 71.5 72.7 70.8 73.0 75.0 
PD3 2 76.1 71.7 69.4 71.6 69.6 74.4 71.9 75.5 74.0 
PD3 3 73.0 69.5 69.0 73.3 71.5 73.2 73.0 76.1 76.7 
PD3 4 74.2 70.5 70.0 73.2 72.7 76.2 74.4 75.5 73.7 
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Table 60. Maximum daily soil temperature 3 inches below the 
ground surface as affected by tillage treatments 
in Experiment C 
Degrees Fahrenheit 
B^11- 1262 Treat- cation 
ment no. 7/31 8/1 8/2 8/3 8/4 8/5 8/6 8/7 8/8 8/9 
c 1 91.0 80.8 87.6 83.0 86.7 79.1 82.6 88.8 90.5 86.4 
c 2 86.6 80.8 87.0 81.6 84.6 81.5 80.2 88.1 89.8 87.4 
c 3 84.5 80.7 86.6 82.5 89.0 81.3 78.1 87.1 87.5 82.5 
c 4 83.8 80.0 84.5 83.0 88.0 81.4 80.6 86.4 93.1 84.8 
p 1 84.0 72.6 82.0 77.0 81.4 75.5 79.3 80.4 81.2 77.3 p 2 75.4 72.2 80.7 77.0 78.5 79.0 75.4 81.4 80.8 77.6 p 3 76.2 73.0 75.8 76.0 80.4 74.4 76.8 82.7 81.0 74.1 p 4 73.5 76.6 78.2 79.2 82.0 75.6 74.0 81.3 82.8 78.5 
PD1 1 77.4 73.0 79.6 77.8 82.3 76.7 76.1 79.1 82.4 78.2 
PD1 2 79.0 75.8 79.4 75.4 81.6 76.0 78.8 80.8 84.4 77.9 
PD1 3 76.6 74.8 77.4 77.0 78.5 77.0 77.0 83.0 79.9 75.9 
PD1 4 75.4 74.7 80.8 77.0 80.8 75.5 75.0 79.2 85.4 76.5 
PDH 1 78.8 73.6 80.0 77.8 84.0 76.3 74.5 77.2 85.4 78.0 
PDH 2 79.4 74.4 80.2 78.8 82.1 77.0 76.6 80.8 82.2 77.9 
PDH 3 76.6 74.4 81.6 76.2 81.7 75.6 74.0 78.5 83.0 76.6 
PDH 4 81.5 79.2 81.0 78.5 84.8 77.2 75.7 81.0 84.0 79.7 
PD2 1 79.8 72.8 78.2 76.2 81.8 76.5 75.0 79.4 82.0 79.7 
PD2 2 79.0 74.6 77.8 76.0 80.0 77.3 75.4 83.0 84.6 78.3 
PD2 3 73.1 73.3 78.2 76.2 80.1 76.4 75.5 79.0 81.2 75.7 
PD2 4 82.0 74.7 80.3 79.0 80.7 76.6 75.6 83.5 84.8 78.1 
PD3 1 77.6 75.8 80.2 78.1 81.9 76.4 76.0 79.6 85.2 82.0 
PD3 2 80.2 75.4 81.0 79.5 82.0 76.0 75.7 81.3 82.8 79*5 
PD3 3 77.0 72.8 80.0 76.1 79.6 75.2 86.3 79.0 79.0 78.4 
PD3 4 77.5 74.7 78.2 77.2 80.6 76.5 75.0 79.5 83.3 78.0 
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Table 6l. Maximum daily soil temperature 6 inches below the 
ground surface as affected by tillage treatments 
in Experiment C 
Degrees Fahrenheit 
Repli- 1962 
Treat- cation " / 
ment no. 7/31 8/1 8/2 8/3 8/4 8/5 8/6 8/7 8/8 8/9 
G 1 79.5 77.0 80.0 79.2 81.8 78.0 74.8 82.6 77.3 81.1 
C 2 78.8 77.6 80.5 78.6 82.2 76.0 74.6 81.7 81.5 81.0 
C 3 79.4 74.8 81.2 79.3 80.5 77.6 76.3 80.6 76.8 79.3 
C 4 77.7 76.7 80.1 79.5 83.4 78.5 76.6 81.9 83.4 81.0 
P 1 73.7 70.8 72.7 76.8 75.6 73.6 74.1 74.6 77.1 73.5 
P 2 72.6 70.8 72.6 72.7 76.0 72.6 73.2 75.0 73.1 73.6 
P 3 71.3 70.2 74.6 71.6 73.2 72.2 72.6 76.6 74.6 73.7 
P 4 71.2 72.4 74.0 76.0 76.4 74.0 73.8 76.4 77.6 75.0 
PD1 1 73.5 71.0 73.0 73.5 76.0 73.9 74.8 76.6 78.0 75.9 
PD1 2 73.2 71.4 74.6 74.1 77.4 74.6 73.3 76.6 78.4 76.1 
PD1 3 71.6 71.2 72.7 73.6 76.6 74.1 73.2 77.0 75.4 74.5 
PD1 4 71.2 72.2 76.0 73.9 76.8 73.6 7-3.8 77.4 77.6 75.4 
PDH 1 75.0 73.8 74.8 73.9 77.9 73.4 73.3 76.0 79.0 75.6 
PDH 2 73.2 73.0 74.8 74.3 77.3 75.2 75.4 75.4 76.4 76.6 
PDH 3 71.2 71.8 76.0 74.0 76.6 74.0 73.0 76.6 75.5 76.0 
PDH 4 72.2 73.6 76.9 76.1 78.3 75.2 73.8 78.7 79.1 75.7 
PD2 1 72.2 71.4 75.8 74.0 77 .0 74.5 73.2 74.9 78.3 75.1 
PD2 2 74.0 73.0 74.4 74.8 77.6 74 .0 73 .0 77 .0 77.7 75.5 
PD2 3 70.5 71.2 74.1 73.0 78.0 73.8 72.6 75.2 74.7 74.3 
PD2 • 4 74.4 72.6 76.0 75.1 77.2 74.6 74 .0 75.8 77.0 74.3 
PD3 1 73.4 72.4 75.9 73.8 76.6 75.4 74.2 77.1 79.1 76.5 
PD3 2 73.0 71.7 76.5 75.2 76.9 73.6 74.0 75.8 79.0 76.5 
PD3 3 72.4 72.0 75.8 73.6 77.4 73.5 73.8 74.9 77.0 75.3 
PD3 4 72.7 72.4 75.0 74.2 75.8 74.0 73.0 76.5 77.0 75.7 
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Table 62. Maximum daily soil temperature 3 inches below the 
ground surface as affected by tillage treatments 
in Experiment D 
Degrees Fahrenheit 
Repli- 1Q62 
Treat- cation 
ment no. 8/4 8/5 8/6 8/7 8/8 8/9 8/10 8/11 8/12 8/13 
c 1 85.3 82.0 81.5 88.3 89.0 84.6 81.2 80.7 79.0 85.0 
c 2 87.8 81.5 80.6 92.5 92.3 87.1 82.0 81.9 79.2 86.0 
c 3 87.0 80.8 80.4 85.3 84.9 81.5 78.4 83.0 79.6 83.6 
c 4 89.2 79.4 78.5 85.5 88.6 82.6 79.5 80.6 76.4 85.0 
p 1 86.4 78.2 77.9 76.9 80.6 76.8 75.1 76.3 73.6 79.4 p 2 85.6 79.4 78.3 84.1 90.0 81.9 74.8 79.2 76.0 80.8 p 3 80.7 79.0 78.5 78.5 91.7 79.0 75.0 76.9 70.6 71.9 p 4 82.2 80.0 76.8 80.6 85.6 80.0 76.0 75.7 72.3 75.7 
PD1 1 84.1 79.2 77.1 87.0 87.1 81.2 76.6 78.7 74.4 78.8 
PD1 2 85.8 78.1 79.5 83.0 89.4 82.0 76.6 77.5 74.9 79.2 
PD1 3 80.9 76.9 78.8 81.0 84.0 80.4 75.6 76.5 71.6 77.0 
PD1 4 81.4 76.9 80.0 84.5 82.9 78.3 74.8 78.0 73.8 76.2 
PDH 1 84.4 77.6 80.0 83.0 92.3 82.8 76.5 79.1 75.2 80.5 
PDH 2 83.9 77.9 66.8 82.0 86.0 80.0 78.4 79.5 75.9 78.0 
PDH 3 80.3 77.2 76.0 81.8 86.9 80.7 75.6 76.5 74.6 80.4 
PDH 4 86.3 79.0 77.3 82.0 85.3 80.1 76.5 76.1 75.6 77.8 
PD2 1 86.6 77.1 78.0 83.0 88.0 78.4 76.4 78.9 75.2 81.0 
PD2 2 85.6 77.5 79.3 82.0 86.9 81.0 77.5 79.3 74.0 77.6 
PD2 3 81.1 75.3 77.4 81.3 84.5 79.4 75.1 76.1 74.4 79.5 
PD2 4 82.9 76.6 76.0 79.5 83.7 80.2 75.3 77.0 74.8 79.6 
PD3 1 84.9 78.1 79.4 83.0 88.6 82.2 78.8 78.8 75.5 80.1 
PD3 2 83.0 76.9 80.0 86.5 85.9 79.2 78.1 78.4 73.7 79.1 
PD3 3 80.4 77.1 76.9 81.4 89.9 82.6 74.2 76.2 74.4 78.5 
PD3 4 82.3 77.2 77.0 82.7 84.1 80.6 77.8 78.2 74.0 79.0 
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Table 63. Maximum daily soil temperature 6 inches below the 
ground surface as affected by tillage treatments 
in Experiment D 
Degrees Fahrenheit 
Eepii- é2 
Treat- cation ? 
ment no. 8/4 8/5 8/6 8/7 8/8 8/9 8/10 8/11 8/12 8/13 
c 1 80.8 77.6 76.3 * wm 82.5 80.0 77.5 79.0 76.0 79.0 
c 2 82.0 78.0 77.8 mm mm 84.3 79.5 78.0 78.8 76.4 78.1 
c 3 79.6 77.6 76.8 * — 82.0 79.5 78.2 79.2 75.3 77.0 
c 4 81.0 77.6 77.2 82.3 78.6 76.6 75.6 75.5 75.8 
p 1 75.6 75.0 77.0 76.0 73.4 71.2 72.4 69.3 72.0 
P 2 76.0 74.5 76.8 • — 81.9 75.2 72.4 75.0 72.8 73.0 
p 3 77.0 75.0 77.5 ^ — 78.5 73.5 71.6 72.0 68.8 69.3 p 4 77.7 74.8 74.3 — —  78.0 73.5 70.7 72.7 69.4 73.0 
PD1 1 79.0 75.2 73.9 79.0 76.8 73.6 73.9 73.1 73.4 
PD1 2 79.0 75.5 74.8 — — 83.5 76.6 73.7 74.4 73.0 75.0 
PD1 3 75.4 74.0 74.6 w • 78,0 76.4 72.2 73.6 71.7 71.9 
PD1 4 81.3 74.7 74.5 81.0 75.5 74.2 75.0 72.4 72.2 
PDH 1 79.3 75.0 75.0 80.5 78.0 74.5 75.5 73.0 74.8 
PDH 2 78.3 75.2 75.2 ** • 80.3 77.5 75.0 75.1 73.6 75.4 
PDH 3 76.9 74.5 73.7 — — 79.0 75.6 73.4 73.1 72.2 73.9 
PDH 4 78.8 74.5 77.2 -- 73.5 78.4 73.4 75.0 72.6 75.0 
PD2 1 80.0 74.8 73.3 80.6 77.1 74.6 75.5 73.4 74.9 
PD2 2 76.0 76.0 74.8 — — 81.6 76.8 74.0 74.6 73.2 78.5 
PD2 3 77.5 74.9 73.2 80.9 75.0 73.4 74.1 73.0 75.4 
PD2 4 78.0 73.8 73.7 78.0 75.5 74.2 73.9 72.2 72.4 
PD3 1 79.8 75.0 74.9 81.0 76.1 76.4 76.3 73.0 74.5 
PD3 2 76.9 75.8 73.9 — — 80.0 76.2 74.4 73.9 73.2 73.6 
PD3 3 78.1 74.4 73.8 — — 79.5 75.2 73.0 74.0 72.8 73.5 
PD3 4 78.5 75.2 73.9 — — 81.6 76.6 75.2 75.5 72.7 73.8 
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Table 64. Maximum daily soil temperature 3 inches below the 
ground surface as affected by tillage treatments 
in Experiment E 
Degrees Fahrenheit,, 
Bepli- 1q62 
Treat- cation =22 
ment no. 8/10 8/11 8/12 8/13 8/14 8/15 8/16 8/17 8/18 8/19 
c 1 79.6 80.9 77.2 84.2 84.6 80.3 78.1 78.4 87.2 82.7 
c 2 76.8 82.4 77.4 73.4 86.8 79.5 83.1 80.3 85.8 86.4 
c 3 77.6 78.7 75.6 86.0 85.2 79.4 83.1 81.5 86.5 84.0 
c 4 79.0 77.4 76.8 78.7 82.1 77.6 83.5 78.7 83.6 80.9 
p 1 74.1 77.0 71.2 74.2 85.8 80.6 80.7 81.6 86.0 78.0 
P 2 76.6 76.8 73.5 79.0 83.6 75.5 74.3 75.5 82.0 78.1 p 3 74.0 78.0 75.2 73.1 80.8 72.5 73.6 74.1 78.0 81.3 
P 4 76.9 78.2 75.2 81.5 78.8 75.1 75.2 78.8 78.2 83.6 
PD1 1 73.6 80.4 71.6 75.0 78.6 77.0 72.5 77.2 77.0 79.5 
PD1. 2 73.9 75.6 72.4 75.8 80.3 75.0 75.0 77.8 78.0 81.9 
PD1 3 75.4 77.6 73.1 74.0 78.5 76.6 74.6 75.5 75.9 76.9 
PD1 4 73.8 75.8 72.5 75.4 78.5 76.6 72.0 77.0 78.0 78.7 
PDH 1 74.2 74.5 72.6 75.0 77.6 77.1 75.2 77.7 76.0 77.8 
PDH 2 76.0 78.0 74.7 78.5 81.1 78.0 76.2 79.4 83.0 81.9 
PDH 3 74.0 79.0 74.2 75.5 80.0 76.0 75.9 75.9 77.3 81.7 
PDH 4 76.6 76.4 72.0 75.0 79.5 75.7 77.6 81.5 79.7 80.2 
PD2 1 73.8 76.8 74.6 77.0 76.8 75.4 77.2 78.5 77.9 80.6 
PD2 2 75.4 78.2 73.5 74.6 79.0 77.2 82.9 78.5 78.7 79 .0 
PD2 3 73.4 77.0 72.2 74.0 78.9 74.5 73.6 73.9 75.9 80.5 
PD2 4 74.0 77.0 74.5 72.9 76.8 74.4 74.2 74.0 72.7 78.2 
PD3 1 73.4 75.3 72.2 73.8 78.4 74.6 75.7 77.8 77.4 78.2 
PD3 2 75.5 80.0 74.9 79.0 80.6 81.1 79.4 78.6 80.8 80.6 
PD3 3 73.2 77.2 72.8 75.3 78.8 77.0 74.0 74.7 76.5 81.4 
PD3 4 73.8 75.2 73.6 74.0 78.8 79.9 73.0 75.4 76.4 80.4 
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Table 65. Maximum daily soil temperature 6 inches below the 
ground surface as affected by tillage treatments 
in Experiment E 
Degrees Fahrenheit 
Repli- 1962 
Treat- cation ? 
ment no. 8/10 8/11 8/12 8/13 8/14 8/15 8/16 8/17 8/18 8/19 
c 1 76.0 76.5 74.6 80.4 78.0 75.5 77.6 76.4 79.6 81.9 
c 2 75.4 76.6 74.2 78.7 79.2 77.3 74.7 77.0 82.5 78.5 
c 3 75.0 75.5 74.0 77.5 78.6 76.0 77.5 77.0 77.3 78.2 
c 4 73.6 74.2 73.8 75.9 76.2 74.9 76.3 75.1 76.4 79.5 
p 1 71.1 75.0 70.5 72.4 73.6 73.8 71.4 71.4 80.4 79.6 p 2 73.0 74.0 72.1 71.0 72.6 73.0 70.3 71.8 72.1 78.1 p 3 72.2 73.0 68.9 70.4 72.5 72.5 70.1 71.1 72.0 73.9 p 4 72.3 75.0 70.1 73.2 72.0 71.0 67.0 71.5 74.0 75.2 
PD1 1 73.0 74.5 71.5 72.6 75.5 72.0 71.7 73.2 75.8 74.5 
PD1 2 72.6 74.2 71.8 73.0 74.0 73.1 73.5 73.2 75.6 76.0 
PD1 3 72.8 73.2 70.8 71.2 74.2 72.0 72.8 72.5 77.1 74.7 
PD1 4 72.8 73.6 70.6 70.5 76.0 73.0 72.4 72.5 74.0 74.2 
PDH 1 73.2 74.2 71.8 73.2 78.4 74.0 71.7 73.3 73.7 75.5 
PDH 2 73.2 75.5 72.1 73.0 76.9 74.1 73.1 74.5 75.5 78.9 
PDH 3 72.7 73.1 71.6 72.5 75.4 74.5 72.0 74.5 75.5 78.0 
PDH 4 74.4 75.2 70.6 72.6 74.0 73.2 72.6 74.3 74.3 76.4 
PD2 1 73.5 75.5 72.0 73.3 77.0 74.1 73.6 71.9 78.3 76.5 
PD2 2 73.1 75.6 72.0 72.7 75.6 75.0 73.0 75.3 75.1 77.1 
PD2 3 72.5 73.8 71.5 70.9 74.0 71.8 71.2 73.0 73.3 75.2 
PD2 4 73.2 74.4 71.8 71.2 72 » 4 73.5 70.9 71.9 73.4 74.3 
PD3 1 71.8 73.6 70.8 72.2 73.3 73.1 73*4 73.1 73.5 76.5 
PD3 2 73.5 74.8 73.2 74.1 77.2 75.5 75.5 75.6 77.0 78.5 
PD3 3 72.8 73.3 71.2 71.0 75.5 73.3 71.5 73.5 73.9 74.5 
PD3 4 72.0 74.0 71.3 71.6 74.0 73.0 71.0 72.0 73.5 75.5 
Table 66. Maximum daily soil temperature at 3 and 6 inches below the ground 
surface as affected by tillage treatments in Experiment F 
Degrees Fahrenheit 
Repli- 1963 
Treatment 
cation 
no. 
3-inch depth 6-inch depth 
5/9 5/10 5/14 j/lj 5/9 5/10 5/14 5/15 
C 1 72.5 67.2 72.0 65.5 70.0 64.7 63.0 
2 72.0 65.0 70.0 66.0 69.5 64.2 62.2 
3 72.0 65.0 73.0 65.7 69.7 64.5 61.5 
4 71.7 64.7 71.2 65.7 69.5 63.7 62.7 
P 1 69.0 65.0 74.5 66.7 68.0 65.0 63.0 
2 70.2 65.2 73.0 65.7 68.5 63.0 61.7 
3 70.2 64.2 67.5 64.5 67.7 —— 63.2 61.0 
4 70.0 64.5 67.5 63.7 67.5 62.2 60.7 
PD1 1 66.5 60.7 62.5 66.2 65.0 —— 64 »0 62.0 
2 68.5 62.2 70.7 65.5 67.0 —— 63.5 62.0 
3 66.7 60.0 70.0 65.7 66.5 62.0 61.2 
4 65.5 59.7 67.5 64.5 64.2 —— 61.5 61.0 
PDH 1 68.5 62.5 70.5 66.5 66.5 64.2 62.0 
2 68.5 62.5 67.5 64.7 67.0 — — 62 a0 61.2 
3 68.2 62.5 66.5 64.0 66.7 —— 62.5 61.0 
4 69.0 63.0 68.0 64.0 67.2 -- 63.5 62.0 
PD;: 1 68.0 63.0 71.5 66.2 65.7 63.2 62.0 
2 68.2 61.7 68.5 64.5 66.2 61.2 61.0 
3 67.2 61.5 66.0 63.2 65.5 —— 61.2 60.2 
4 68.7 63.0 69.0 64.7 66.5 — 63.5 61.5 
PD;I 1 67.5 62.5 70.0 65.5 65.5 — 63.5 62.0 
2 68.5 62.7 70.5 66.0 66.7 —— 63.2 61.7 
3 68.5 62.5 70.7 66.0 66.7 62.7 62.0 
4 68.5 63.0 67.2 62.7 66.0 62.0 61.5 
Tatile 67 . Maximum daily soil temperature at 3 and 6 inches below the ground 
surface as affected by tillage treatments in Experiment S 
Degrees Fahrenheit 
Repli­ 1963 6-inch depth cation 3-inch depth 
Treatment no. 3/9 5/10 5/14 3/lj 5/9 5/10 5/1% 3/13 
C 1 71.5 67.2 68.2 64.7 69.7 64.0 61.5 
2 72.5 66.7 70.5 66.2 70.5 64.0 62.2 
3 70.0 64„5 65.0 64.2 68.2 62.5 60.5 
4 71.7 64.5 65.5 66.0 69.2 64.5 62.0 
P 1 65.5 59.0 70.0 65.2 65.0 63.O 60.5 
2 66.0 59.5 71.5 66 o0 65.5 —— 63.7 62.2 
3 63.0 56.7 70.5 65.0 62.2 62.0 60.5 
4 62.0 58.5 67.0 64.2 63.0 62.7 60.0 
PD1 1 65.5 59.5 71.5 65.7 64.0 64.7 61.7 
2 67.2 59.5 .71.0 65.5 66.2 62.0 62.0 
3 66.0 58.7 68.2 64.0 65.0 61.0 60.0 
4 64.5 57.7 65.5 63.5 64.2 60.5 60.0 
PDI: 1 6 7.5 60.0 72.5 66.5 65.7 64.0 62.2 
2 67.5 61.5 70.5 66.2 66.5 — 63.5 62.0 
3 67.0 58.2 69.2 66.2 67.0 63.0 61.0 
4 66.0 60.5 66.5 62.7 65.5 62.0 60.0 
PDÏ 1 66.0 60.5 73.5 67.0 65.0 — 63.7 61.5 
2 68.0 61.7 71.0 67.0 67.2 63.0 62.2 
3 66.5 59.0 67.5 63.5 64.7 60.7 60.2 
4 64.5 58.7 66.0 63.0 64.0 —— 61 »0 60.0 
PD;> 1 67.5 62.0 72.0 66.0 66.0 —— 63.7 61.7 2 68.2 61.2 72.0 66.2 67.0 64.0 62.5 
3 67.5 59.5 70.0 64.2 65.2 62.0 61.0 
4 66.5 60.0 67.0 63.0 64.7 —— 6115 60.2 
